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ABSTRACT 
The project goal was to determine the effect of divergent selection for residual feed 
intake (RFI) on feeding either a high energy, low fiber (HELF) or a low energy, high fiber 
(LEHF) diet on carcass composition and quality traits. In experiment 1, 177 pigs of the ISU 
divergently selected RFI lines were randomly assigned to 8 mixed line and sex pens with 4 
pens per diet. Slaughter occurred in 3 groups at a mean pig body weight of 121.5 kg. Data 
were analyzed using the mixed procedure of SAS with fixed effect of line, diet, sex, 
line*diet; random effects of slaughter group (SG), pen, litter and sire; off-test weight was as 
a covariate. Carcasses from LRFI animals has less fat depth, and greater loin depth and 
percent lean (<0.01), while carcasses from animals on the LEHF diet had a lesser HCW, fat 
depth, and greater percent lean (P<0.01). These data were also collected over generations (G) 
8 and 9 on 315 pigs (G8=158, G9=157) on FIRE feeders; 6 pens of each diet per G.  Pigs 
from G8 were harvested at a mean of 122.5 kg, and G9, 128.4 kg. Data were analyzed using 
the mixed procedure of SAS with fixed effect of line, diet, sex, G (except adipose), line*diet; 
random effects of SG, pen, litter, sire, and sensory day (sensory traits, cook loss, and star 
probe); off-test weight was fit as a covariate. Unlike experiment 1, loin depth tended to be 
greater carcasses from LRFI than HRFI pigs (P=0.09).  Diet impacted composition the same 
as experiment1, except LEHF animals had a lesser loin depth (P<0.05) than HELF.  LRFI 
animals on the HELF diet had the greatest loin depth (P<0.01) compared to other line by diet 
combinations.  Loins from HRFI animals had greater drip loss, color scores, LM a* and b*, 
percent lipid, and lesser percent moisture (P<0.05).  Chops from animals on the LEHF diet 
had lesser LM and adipose L* values and greater percent moisture than those from pigs fed 
the HELF diet. HRFI animals on the HELF diet had loins with the greatest percent lipid 
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(P<0.05). Chops from LRFI pigs were juicer than those from HRFI (P<0.05), and gilts 
produced tougher loins than barrows (P<0.05).  At 5 d postmortem (PM) loins from HRFI 
animals showed greater 38 kDa desmin degradation product (P=0.05), and d 2 PM loins from 
LRFI pigs on LEHF diet had the greatest degradation (P<0.05). Gilts (P=0.06) and LEHF 
(<0.01) fed pigs had adipose tissue with higher iodine value (IV) than barrows and HELF fed 
pigs, respectively. Improved efficiency has come at the cost of certain quality attributes, such 
as marbling and color.  LEHF diet impacted all pigs in the same manner, resulting in poorer 
adipose tissue quality and lower IV.
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CHAPTER 1. GENERAL INTRODUCTION 
 Profitability of a pork enterprise demands strong focus on animal efficiency and feed 
cost.  Little is known about how the interaction between improved feed efficiency and 
reduced energy, higher fiber feedstuffs affects meat quality and carcass composition.  Van 
der Werf (2004) defined efficient animal production as the generation of animal products 
from as few resources as possible.  Traditional efficiency measures such as average daily 
gain and gain:feed are being used, but non-traditional methods such as residual feed intake 
(RFI) are also being researched.  RFI is calculated as the difference in observed feed intake 
and expected feed intake given an animal’s growth requirement for production and 
maintenance of body weight (Koch et al., 1963; Kennedy et al., 1993).  Animals with a low 
RFI (LRFI) indexes consume less feed and are generally more efficient than high RFI 
(HRFI) animals.  RFI is a moderately heritable trait (Arthur et al., 2001; Nguyen et al., 2005; 
Gilbert et al., 2007; Cai et al., 2008; Hoque et al., 2009), that can be used as a genetic 
selection tool.  The Institut National de la Recherche Agronomique (INRA) and Iowa State 
University (ISU), have established multi-generational RFI swine selection projects.  In 
generation four of the ISU purebred Yorkshire line carcasses from LRFI animals had 
significantly less backfat when compared to carcasses from the randomly selected control 
line (Cai et al., 2008).  Results in generation five found a tendency for decreased backfat in 
carcasses from the LRFI line coupled with greater loin depth in carcasses of the LRFI line 
(Smith et al., 2011).  The results of Smith et al. (2011) also included an evaluation of the 
difference in meat quality between loins from pigs selected for LRFI and the loins from 
animals of the control line.  It was discovered that no sensory or 48 hour pH differences 
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existed in loin chops.  However, loins from LRFI pigs were found to have less lipid and 
increased moisture when compared to loins from control animals.  When correlating meat 
quality traits to an animal’s individual RFI value,  Smith et al. (2011) found positive 
correlations between RFI and  Hunter a* and percent lipid, and negative correlations between  
RFI  and percent purge and cook loss, chewiness, star probe and intact desmin at day seven 
postmortem.  After four generations of divergent selection, INRA LRFI pigs had carcasses 
with less backfat and greater lean meat content than carcasses from HRFI pigs (Lefaucheur et 
al., 2011).  This agrees with generation six of the INRA lines, where it was found that LRFI 
pigs have carcasses with a greater percent lean meat content but no difference in loin muscle 
depth (Faure et al., 2013).  LRFI pigs of the INRA line yielded loins with less marbling, 
lower ultimate pH, greater L* values and greater drip loss than loins from HRFI pigs after 
four generations of selection (Lefaucheur et al., 2011).  Faure et al. (2013) agrees with these 
results, suggesting that LRFI pigs had loins with less marbling, greater pH decline, greater 
L*, a*, and b* values, and a tendency for decreased sensory juiciness.  Discrepancy exists in 
the results of the ISU research, which evaluated the LRFI line in comparison to a randomly 
selected control line, and the divergently selected INRA lines.  This leaves the question, 
would divergent selection in the ISU project result in similar quality differences to INRA 
results? 
 
Increased energy in the swine diet has been shown to increase backfat depth and 
decrease percent lean of a carcass (Apple et al., 2004; Beaulieu et al., 2009) while having no 
impact on loin muscle area (Apple et al., 2004; Hinson et al., 2011).  Increasing the amount 
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of fiber in the diet (using dried distillers grains with solubles; DDGS) linearly decreased 
dressing percentage and marbling score, but increased fat fee lean (Xu et al., 2010b).  
Inclusion of DDGS as a fiber source has been found to impact pork adipose tissue quality by 
increasing the iodine value (Benz et al., 2010 Leick et al., 2010; Xu et al., 2010a, b; 
McClelland et al., 2012), and ultimately resulting in a softer, poorer quality fat.  It is 
unknown the effect that low energy, high fiber diets will have an animals that have been 
continuously selected for improved feed efficiency.  
As pressures from the industry to use alternative feedstuffs increase, the 
understanding of how low energy, high fiber diets and their interaction with increasingly 
efficient animals affect carcass composition and meat quality will become vital knowledge.  
Therefore, the objective of this study is to determine the impact of low or high fiber diets on 
the meat quality and carcass composition traits of pigs divergently selected for high or low 
RFI.  It was hypothesized both line and diet would have significant effects on adipose tissue 
quality and composition traits, while minimally impacting lean quality. 
 
Thesis Organization 
 This thesis is organized into four chapters and an appendix.  The format of all 
chapters is in line with the style and form of Journal of Animal Science.  Chapter one 
contains a general introduction to the topic.  Chapter two is a review of the relevant literature 
to the thesis and topic.  Chapter three, titled “Composition and quality characteristics of 
carcasses from pigs divergently selected for residual feed intake on high or low energy 
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diets,” is prepared for submission to the Journal of Animal Science.  Chapter 4 contains a 
general conclusion for the entire thesis.  Appendix A contains correlations phenotypic 
correlations between RFI, carcass composition, and meat and adipose tissue quality traits, as 
well as additional characteristics of adipose tissue composition. 
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CHAPTER 2. REVIEW OF LITERATURE 
Literature Review 
Introduction 
 The United States plays a significant role in feeding the world population, serving as 
the world’s largest exporter of pork (USDA ERS, 2012) with $5.3 billion in pork products 
exported in 2011(National Pork Board, 2012).  However, as it is expected the world 
population will reach nine billion people by the year 2050, even greater amounts of pork will 
have to be produced and exported.  With less land to grow needed resources like corn and 
soybeans, the swine industry will have to meet this goal of increased production in a way that 
is efficient as well as environmentally sustainable. Efficient animal production can be 
defined as the generation of animal products from as few resources as possible (Van der 
Werf, 2004). Feed costs have traditionally attributed to about 65 to 75 percent of the variable 
cost of pork production (National Pork Board, 2008).  However, this statistic in on the rise 
and feed costs will continue to be the largest factor in determining the profitability of an 
operation (National Pork Board, 2008).  With feed being the greatest input cost in modern 
pork production, it makes sense to focus attention on feed efficiency, as well as alternative, 
lower cost feedstuffs.  Maintaining pork quality should also be at the forefront of this 
discussion, as pork quality ultimately affects the value of a carcass. Yet, more importantly, 
pork quality impacts purchasing habits of customers as initial purchase intent is closely in 
line with lean appearance (Brewer et al., 2001).  
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RFI 
Expected Feed 
Intake 
Observed 
Feed 
Intake 
 
LRFI 
HRFI 
Figure 1. RFI can be calculated as observed feed intake minus expected feed intake. 
(Koch et al., 1963; Kennedy et al., 1993) 
RFI 
Byerly (1941) was among the first to note the wide discrepancy of feed intake levels 
of animals that were the same body weight.  Koch (1963) suggested that 38 percent of the 
variation in the gain of animals could be caused by genetic differences in feed efficiency, and 
that genetic differences in feed consumption play a 25 percent role in variation of gain.  
Residual feed intake (RFI) is one method currently being researched to genetically select for 
feed efficiency.  RFI is a moderately heritable trait (Arthur et al., 2001; Nguyen et al., 2005; 
Gilbert et al., 2007; Cai et al., 2008; Hoque et al., 2009) that can be calculated as the 
difference in observed feed intake and expected feed intake given an animal’s growth 
requirement for production and maintenance of body weight (Koch et al., 1963; Kennedy et 
al., 1993).  It is an animal’s residual from the regression line where observed equals expected 
that is its RFI index (Figure 1).  Low RFI (LRFI) pigs are those whose actual feed intake is 
less than expected.  LRFI pigs are more efficient that high RFI (HRFI) animals whose feed  
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intake is greater than expected given average daily gain and backfat.  This variation between 
animals, even within the same line could be due to several factors: intake of feed, digestion 
of feed, metabolism, physical activity, and thermoregulation (Herd and Arthur, 2009). 
Growth and Carcass Composition Effects 
 It is well established that animals selected for LRFI, through both one and multi-
generational selection projects, exhibit growth rate similar to HRFI animals with less feed 
intake (Herd and Bishop, 2000; Boddicker et al., 2011b; Lefaucheur et al., 2011; Faure et al., 
2013).  Research in generation four of the Iowa State University (ISU) RFI Selection project 
concluded that the LRFI pigs had significantly less back fat than a randomly selected control 
line, but there was not a difference for loin muscle area, as determined by ultrasound 
measurements (Cai et al., 2008).  This contrasts with in-plant Fat-O-Meater® collected  on 
carcasses from generation five gilts of the same Yorkshire line in which  greater loin depth, 
and only a tendency for decreased backfat were observed in carcasses from pigs of the LRFI 
line (Smith et al., 2011).  In the same generation and line, Boddicker et al. (2011a) found 
carcasses from LRFI pigs had a lighter visceral weight and higher dressing percentage than 
the control line, with a tendency for decreased backfat. 
 
 The Institut National de la Recherche Agronomique (INRA) in France has also 
conducted a multigenerational RFI selection project in Large Whites.  This ongoing 
experiment differs from the ISU RFI section project in the fact that divergent selection for 
LRFI and HRFI has occurred since generation one.  After four generations of divergent 
selection INRA’s work concluded carcasses from LRFI pigs had less backfat and had greater 
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muscle content than those from HRFI animals (Lefaucheur et al., 2011). Most recent work in 
generation six of these lines suggest LRFI pigs yield carcasses which are leaner and have 
greater percent lean meat content than those from the HRFI line, with no difference in muscle 
depth between the two lines (Faure et al., 2013). 
 
Meat Quality and Sensory Effects 
 There is disagreement among projects, as to the role that selection for RFI plays in 
meat quality.  Research in generation four of divergent selection at INRA by Lefaucher et al. 
(2011) suggested that loins from LRFI gilts possessed 30% less intramuscular fat, lower 
ultimate pH, greater L* values, and greater drip loss at two days postmortem than loins from 
HRFI pigs.  This was supported in generation six by Faure et al. (2013) who concluded that 
chops from LRFI pigs exhibited less intramuscular fat, lower ultimate pH, and significantly 
greater L*, a*, and b* values than chops from HRFI animals.  Sensory analysis showed that 
loins from LRFI pigs had tendency for reduced juiciness when compared to loins from HRFI 
animals (Faure et al., 2013).  These findings contrast with results of the fifth generation in the 
ISU RFI selection project in which no sensory and pH differences were found (Smith et al., 
2011).  In this generation, loins from pigs of the LRFI line had less lipid and increased 
moisture and tended to have less centrifugation loss percent, and a lower Hunter b* values 
when compared to a randomly selected control line (Smith et al., 2011).  It was reported that 
RFI was significantly and positively correlated to Hunter a* and percent lipid, and negatively 
correlated to purge loss percent, cook loss percent, chewiness, star probe and desmin day 
seven (Smith et al., 2011).  Quality differences may exist between these two selection 
projects due to genetic differences in the originally selected populations, selection for LRFI 
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using differing RFI equations, or the use of divergent selection in the INRA project (a 
practice not started until generation five of ISU selection). 
 
Animal Growth and Muscle Composition 
 The three primary components of a pork carcass are muscle, bone, and adipose tissue.  
Muscle and adipose tissue are of extra interest to the pork industry, as they are determining 
factors in the calculation of many percent lean calculations and ultimately the purchase price 
of the animal at the plant.  As McMeekan (1940) highlights, at birth, bone is the largest 
percentage of the animal, followed by muscle, and adipose tissue.  At four weeks of age, 
adipose tissue surpasses bone, and at 24 weeks adipose tissue surpasses muscle as the largest 
proportion of the carcass.  It is generally around this transition to adipose tissue being the 
largest constituent of the carcass that pigs are harvested.  Although McMeekan’s data are 
somewhat dated, the trend for the three carcass components remains the same.  Modern 
commercial swine grow at a faster rate and are harvested at a heavier weight than reported by 
McMeekan (1940).  A survey of swine harvested in the United States in 2011 by USDA 
NASS (2012) reported mean live weight at harvest was 124.7 kg, and this number is 
expected to continue to rise with improved genetics and production practices (such as 
improved average daily gain and improved gain to feed ratio). 
 
Meat Composition 
The composition of meat from skeletal muscle is approximately 75 percent water, 19 
percent protein, 3.5 percent soluble, non-protein material (creatine, amino acids, minerals, 
trace metals, etc.) and 2.5 percent lipid (Lawrie and Ledward, 2006). Undoubtedly, this final 
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composition of a meat product will play a role in consumer acceptance of the product on the 
shelf and on their plate.  For example, lipid is viewed as wasteful and unhealthy as 
intermuscular and subcutaneous fat, yet intramuscular fat is thought to contribute to flavor 
and juiciness of the product.    
 
Lipid 
Four depots of lipid are present in a carcass: 1) kidney, pelvic, and heart (KPH) fat; 
2) subcutaneous fat; 3) intermuscular fat and; 4) intramuscular fat.  While lipid does serve 
physiologically important roles in the live animal, in the meat industry it’s more important 
role is its contribution to fresh and processed meat quality.  Many factors can determine the 
amount and types of lipid deposited on the animal, including: genetics, diet, and sex.  A large 
variation in lipid deposition can be observed among breeds.  Subcutaneous adipose tissue 
data collected on Berkshires, Durocs, Large Whites, and Tamworth entire males, found 
Berkshires had the greatest amount of subcutaneous adipose tissue, followed by Tamworth 
boars which had greater subcutaneous adipose tissue than both Durocs and Large Whites 
(Wood et al., 2004).  It is of note that animals in this study were not evaluated at the same 
backfat depth, rather Berkshires and Tamworths had greater adipose tissue depth than Durocs 
and Large Whites.  This may mean that observed differences may not fully be the result of 
different genetics, but rather in part to differences in backfat depth.  The same study found 
that Berkshire and Tamworth pigs had greater concentrations of 14:0 (myristic acid) and 16:0 
(palmitic acid) fatty acids than Duroc or Large White animals (Wood et al., 2004).  The fatty 
acid composition of pork specifically can be influenced by the diet animals are fed.   Pork 
carcasses contain high levels of linoleic acid compared to beef or sheep (Enser et al., 1996).  
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The only source of this linoleic acid for swine is in the diet.  Sex of an animal can play a role 
in the amount of lipid in the carcass; generally with gilts being leaner than barrows.  Barrows 
have approximately three percent more ether extractable lipid, 0.47 higher marbling score, 
and 2.3 percent more seam fat on the blade end of the loin (Allen and Bray, 1964). 
 
In a whole muscle products, intermuscular and intramuscular fat play roles in 
consumer acceptance and palatability.  Fernandez et al. (1999) conducted two experiments 
which illustrated this point.  In the first experiment raw samples of longissimus, with the 
intermuscular fat removed were offered to sensory panelists.  It was concluded that increased 
intramuscular fat led to a decrease in willingness to consume the product.  However, when 
consuming the product, panelists actually preferred the chops with greater marbling, up to 3.5 
percent intramuscular fat, compared to samples with little to no marbling.    In a second 
experiment, Fernandez et al. (1999) gave participants a whole pork chop to evaluate.  
Surprisingly, inclination to purchase and eat the chops was not affected by marbling amount, 
but texture and taste were enhanced by increasing marbling to approximately three percent 
(Fernandez et al., 1999).  
 
In the living animal, lipids play biological roles: fuel molecules, highly concentrated 
energy stores, signaling molecules and components of cell membranes (Berg et al., 2007b).  
Lipids can be defined as water insoluble biomolecules which are highly soluble in organic 
solvents (Berg et al., 2007b).  Types of lipid can be classified by several ways including: 
physical properties at room temperature, polarity (polar and neutral lipids), their essentiality 
in the human diet, or their structure (O'Keefe, 2002).  Separation of lipids by structure 
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divides lipids into two groups, simple or complex.  Simple lipids include acylglycerols, ether 
acylglycerols, sterols, and their esters and wax esters (O'Keefe, 2002).  Simple lipids are 
composed of fatty acids and alcohol components versus complex lipids which hydrolyze into 
three or more different compounds.  Complex lipids include phospholipids, glycolipids, and 
sphingolipids (O'Keefe, 2002).  Lipids most common in meat include: triacylglycerols 
(TAGs), phospholipids (PLs), and sterols.  
 
Fatty acids are the building blocks of lipid; containing a carboxyl functional group 
attached to and unbranched aliphatic chain (Boyer, 2006).  They are amphiphilic molecules, 
with the carboxyl group being polar and the aliphatic chain non-polar.  Fatty acids consist of 
carbon-carbon bonds that can either be saturated, containing no double bonds, or unsaturated, 
containing one or more double bonds.  A large majority of the fatty acids present in nature 
are found in the TAGs; three fatty acids attached to a glycerol backbone (Boyer, 2006).  
Phospholipids, a major component of biological membranes, are composed of a glycerol 
backbone with one or more fatty acids and a phosphate and alcohol group (Berg et al., 
2007b).  Sterols have a vastly different structure than TAGs or PLs, having a fused ring 
system.  Ketones, alcohols, double bonds and hydrocarbons will attach to these rings to 
create various sterols (Boyer, 2006).  
 
Changes in one meat quality trait can have impact on many other quality traits (Huff-
Lonergan et al., 2002).  It is well established that lipid can play a significant sensory role in 
both fresh and processed meat products. Cannata et al. (2010) reported that increased 
marbling was significantly correlated with decreased drip loss and cook loss, and increased 
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sensory tenderness.  Meat quality data collected on Yorksire x Berkshire F1 progeny found 
marbling to be positively correlated to firmness, tenderness score, and flavor score, while 
negative correlations exisited between marbling and drip loss, cook loss, star probe 
measurements, and off-flavor score (Huff-Lonergan et al., 2002). Another study involving 
pork loins found tendencies existed between marbling and quality traits; negative correlations 
exisiting between marbling and cooking loss, and shear force, and positive between marbling 
and reflectence value, juciness rating, and overall palatability rating (Hodgson et al., 1991).  
In beef, Nishimura et al. (1999) suggest that intramuscular fat decreased shear force values of 
meat by depositing between muscle bundles and disrupting the perimysium.  It has been 
suggested by Thompson (2004) that marbling serves as a lubricant during chewing, 
stimulating salvation, and increasing percieved juiciness (Thompson, 2004).  Rincker et al. 
(2008) suggest that adipose tissue in the muscle has little effect on the sensory quality of pork 
when traits were controlled for genetics, pH, management, and slaughter day.  They reported 
no strong correlations between extractable lipid and percieved tenderness, juciness, or pork 
flavor (Rincker et al, 2008).  After consideration of the afformentioned studies, it is 
important to caution that final quality of a meat product is dependent on many factors.  
 
The determinant of the quality of adipose tissue is the percentage of the specific fatty 
acids that compose it.  The fatty acids present at the highest amounts in pork adipose tissue 
are 18:1cis-9 (oleic acid), followed by 16:0 (palmitic acid), 18:2n-6 (linoleic acid), and 18:0 
(stearic acid; Enser et al., 1996).  Rauw et al. (2012) found that these fatty acids were also 
present in the greatest amount in muscle (gluteus medius and longissimus dorsi).  Adipose 
tissue from pigs has greater levels of polyunsaturated fatty acids (PUFA; multiple double 
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bonds) than adipose tissue from beef or lamb (Enser et al., 1996). Using data from Enser et 
al. (1996) it can be calculated that beef was found to have 4.87 percent PUFA by weight of 
total fatty acids, while lamb had 5.88 percent, and pork 19.85 percent.  The difference in pork 
is largely due to differences in 18:2n-6 (linoleic acid) where pork has 14.2 percent by weight 
of total fatty acids, compared to 2.4 percent in beef, and 2.7 percent in lamb (Enser et al., 
1996). PUFAs are characteristically more susceptible to oxidation than saturated fatty acids 
(SFA; no double bonds).  Specifically, pigs contain greater levels of 18:2n-6 (linoleic acid) 
than sheep or beef (Enser et al., 1996; Table 1).  As Wood et al. (2008) explains the diet is 
the only source of 18:2n-6 (linoleic acid) for the pig.   Ruminant digestion degrades this fatty 
acid; however in a monogastric animal it remains intact through the digestion process and is 
subsequently absorbed into the blood stream.  Consequently, the PUFA level in the diet 
correlates with PUFA level in pork backfat at a value between 0.8 and 0.9 (Warnants et al., 
1996).  Significant alterations to pork adipose tissue can be made through the diet in as little 
as six to eight weeks (Averette Gatlin et al., 2002).  
 
Within species, there can still be variation in fatty acid content.  In and Ibearian x Duroc 
swine population castrated males had backfat with significantly greater percentages of 12:0 
(lauric acid), 16:0 (palmitic acid), 18:0 (stearic acid), 20:0 (araquidic acid) and 20:1 (gadoleic 
acid), and lesser percentages of 16:1 (palmitoleic acid), 18:1 (oleic acid), 18:2 (linoleic acid), 
18:3 (linolenic acid), and PUFAs than backfat intact females (Serrano et al., 2009).  The 
increased level of PUFAs found in adipose tissue from intact females, suggests that pork 
from these animals may be more susceptible to lipid oxidation than barrows. Using Duroc x 
(Landrace x Yorkshire) gilts and barrows it was determined adipose tissue of bellies from 
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gilts and the slow growing pigs of this project possessed a lesser proportion of SFA, a greater 
proportion of PUFA, 18:2 n-6 (linoleic acid), and an increased iodine value (Correa et al., 
2008).  Gilts also had carcasses with softer belly fat than those from barrows (Correa et al., 
2008). 
 
Table 1.  The variation in subcutaneous and intramuscular fatty acid composition of adipose 
tissue from beef, lamb, and pork.  Adapted from Enser et al. (1996). 
 Percent Fatty Acid Composition of Pork Adipose Tissue 
 Intramuscular Adipose 
Tissue 
Subcutaneous Adipose 
Tissue 
Fatty Acid Beef Lamb Pork Beef Lamb Pork 
12:0 (Lauric) 0.08
a 
0.31
c 
0.12
b 
0.10
d 
0.37
e 
0.15
d 
14:0 (Myristic) 2.66
b 
3.30
c 
1.33
a 
3.72
e
 4.11
e 
1.57
d 
16:0 (Palmitic) 25.0
c 
22.2
a 
23.2
b 
26.1
f
 21.9
d 
23.9
e
 
16:1 (cis) 4.54
c 
2.20
a 
2.71
b 
6.22
e
 2.40
d 
2.42
d 
18:0 (Stearic) 13.4
b 
18.1
c 
12.2
a 
12.2
d 
22.6
e 
12.8
d 
18:1 (trans) 2.75
a 
4.67
b 
ND
1c
 3.31
d 
6.18
e 
ND
f 
18:1 n-9 (Oleic) 36.1
b 
32.5
a 
32.8
a 
35.3
e 
28.7
d 
35.8
e 
18:1 n-7 (Vaccenic) 2.33
b 
1.45
a 
3.99
c 
1.60
e 
0.98
d 
3.31
f 
18:2 n-6 (Linoleic) 2.42
a 
2.70
a 
14.2
b 
1.10
d 
1.31
d 
14.3
e 
18:3 n-6 (γ-Linolenic) ND ND 0.06 ND ND ND 
18:3 n-3 (α-Linolenic) 0.70a 1.37c 0.95b 0.48d 0.97e 1.43f 
20:2 n-6 ND ND 0.42 ND ND 0.56 
20:3 n-6 0.21
b 
0.05
a 
0.34
c 
ND ND 0.08 
20:3 n-3 0.0007
a 
ND
c 
0.12
b 
ND ND 0.18 
20:4 n-6 (Arachidonic) 0.63
a 
0.64
a 
2.21
b 
ND ND 0.18 
20:4 n-3 0.08
b 
ND
c 
0.009
a 
ND ND ND 
20:5 n-3 EPA 0.28
a 
0.45
c 
0.31
b 
ND ND ND 
22:4 n-6 0.04
a 
ND
c 
0.23
b 
ND ND 0.06 
22:5 n-3 0.45
a 
0.52
b 
0.62
c 
ND ND 0.22 
22:6 n-3 DHA 0.05
a 
0.15
b 
0.39
c 
ND ND 0.16 
1
 Not Detected 
a,b,c
 Intramuscular adipose tissue fatty acid means with different superscript letters are 
significantly different, P<0.05 
d,e,f
 Subcutaneous adipose tissue fatty acid means with different superscript letters are 
significantly different, P<0.05 
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Fatty acid profiles are not consistent throughout different depots within a carcass, as 
found in beef (Turk and Smith, 2009) and pork (Wiegand et al., 2011).  The fatty acid 
differences in pork caused a variation in iodine values between fat depots located in the belly, 
jowl, intramuscular, and subcutaneous, with iodine values of 60.97, 64.51, 55.59, and 58.26, 
respectively (Wiegand et al., 2011).  Additionally, weak correlations were found between the 
various depots’ iodine values, suggesting that one depot’s iodine value may not be a good 
predictor of the iodine value of another depot (Wiegand et al., 2011).  Backfat generally had 
a reduced iodine value when compared to jowl adipose tissue (Benz et al., 2011).  In research 
focused on diet differences (linoleic acid inclusion level, fat inclusion level, and fat source), 
it was recorded that overall gilts have adipose tissue with higher iodine values than adipose 
tissue from barrows (Averette Gatlin et al., 2002), possibly due to having a lesser percent of 
14:0 (myristic acid) and 16:0 (palmitic acid) and greater percent of 18:2 n-6 (linoleic acid) in 
their adipose tissue (Martin et al., 1972).  Data collected on live weight x sex interactions 
shows effects are restricted to the neutral lipid fraction (mostly present in adipose tissue, as 
opposed to phospholipids in membranes) with heavy weight (91.4 kg) gilts and barrows 
having adipose tissue with increased levels of 18:0 (stearic acid) and decreased levels of 18:1 
(oleic acid) values than adipose tissue from boars of all weights (both 49.6 and 94.1 kg 
groups; Allen et al., 1967). 
 
 It is well established that diet can impact fatty acid composition, through the inclusion 
of DDGS (Benz et al., 2010; Leick et al., 2010; Xu et al., 2010a, b; McClelland et al., 2012).  
However, alteration of both protein level and amino acid content can affect lipid quantity and 
composition as well.  Comparatively low protein diets, decreased in barley and soybean meal 
18 
 
 
 
(Teye et al., 2006) and lysine (Wood et al., 2013), have been shown to increase intramuscular 
fat deposition within the muscle.  This is because low protein diets limit protein synthesis, 
leaving more energy available for fat deposition, particularly with marbling (Teye et al., 
2006).  When reduced protein diets are fed (21 verses 18 percent crude protein) the level of 
monounsaturated fatty acids (MUFAs; one double bond) in fatty acids of the muscle was 
increased, but only relatively small changes occurred in subcutaneous adipose tissue (Doran 
et al., 2006).  It is proposed that this difference is due the enzyme, stearoyl-CoA desaturase 
(Doran et al, 2006).  When fed low protein diets this enzyme is activated within the muscle, 
not in subcutaneous fat (Doran et al., 2006).  Lean phenotype pigs fed a low protein, high 
amino acid diets (11 percent less total protein that the control diet) and high protein, low 
amino acid diets (16% reduction in amino acids compared to the control diet) were found to 
have different fatty acid composition in their adipose tissue.  At approximately 115 kg 
animals on the low protein, low amino acid diet had greater amounts of saturated fatty acids 
14:0 (myristic acid) and 16:0 (palmitic acid), 18:1n-9 (oleic acid), and a lower percentage of 
18:0 (stearic acid) in their adipose tissue than those in adipose tissue from both the control 
diet and reduced protein, regular level of amino acid diet (Wood et al., 2013).  When 
comparing the reduced protein, regular amino acid diet to the control diet, it was discovered 
the pigs fed the control diet had less 14:0 (myristic acid), 16:0 (palmitic acid), and 18:1n-9 
(oleic acid), and greater levels of all polyunsaturated fatty acids except 22:6n-3 
(docosahexaenoic acid) in the intramuscular adipose tissue of the longissimus muscle (Wood 
et al., 2013), which would result in a higher IV. 
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Genetic selection for residual feed intake (RFI) can also impact fatty acid 
composition.  As Rauw et al. (2012) documents, adipose tissue from pigs with increased RFI 
has increased MUFAs, decreased PUFAs, omega-three and omega-6 fatty acids.   It is 
suggested that these differences are due to both an increase in intramuscular lipid, as well as 
increased feed intake (Rauw et al., 2012).  While the majority of fatty acids in pork are found 
in subcutaneous adipose tissue, they are also present in muscle in the form of marbling.  Fat 
within the muscle is greater in phospholipid (as more membranes are present within the 
muscle) when compared to subcutaneous adipose tissue which has higher amounts of neutral 
lipids (Wood et al., 2004).  This high proportion of phospholipids is due to their 
incorporation and function in cellular membranes (Wood et al., 2008). There is research to 
suggest as intramusclar fat in a pork carcass increases, there is an increase in the percentage 
of SFAs, MUFAs, and a lower percentage of PUFAs, and omega-three and omega-six fatty 
acids found in adipose tissue (Rauw et al., 2012; Table 2). 
 
Protein 
Stromal Protein 
 Stromal Proteins - which include collagen, reticulin, and elastin -  are proteins 
which are insoluble in water or salt solutions (Lawrie and Ledward, 2006).  In beef, 
intramuscular collagen has been found to be insoluble at temperatures up to 60 degrees C, 
with increased granulation (degradation of  intact perimysium and sarcolemma into smaller 
“grains” or particles) at 70 degrees C, and drastically increased granulation of collagen at 80-
121 degrees C (Palka, 1999).  The initial amount of stromal protein in swine, specifically 
collagen, can be determined by genetics.  Although not a large numerical difference, a  
20 
 
 
 
 
Table 2.  Adapted from Rauw et al. (2012).  Means of the fatty acids present in the gluteus 
medius (GM) and the longissimus dorsi (LD). 
 Percent of Fatty Acid 
Composition of Pork 
Intramuscular Adipose Tissue 
Fatty Acid GM LD 
10:0 (Capric) 0.0967 0.110 
12:0 (Lauric) 0.0913 0.0942 
14:0 (Myristic) 1.41 1.47 
16:0 (Palmitic) 23.5 24.1 
17:0 (Margaric) 0.233 0.193 
18:0 (Stearic) 11.4 11.6 
20:0 (Arachidid) 0.175 0.181 
16:1(n-7) (Palmitoleic) 2.85 3.12 
16:1(n-9) [Hexadecenoic(n-9)] 0.277 0.238 
17:1 (Margaroleic) 0.205 0.166 
18:1(n-7) [Octadecenoic(n-7)] 4.06 4.26 
18:1 (n-9) (Oleic) 35.4 35.6 
20:1(cis-11) (Gadoleic) 0.686 0.660 
18:2(n-6) (Linoleic) 14.3 13.1 
20:2(n-6) (Eicosadienoic) 0.503 0.383 
18:3(n-3) (Alpha Linoleic) 0.601 0.470 
18:3(n-6) (Gamma Linoleic) 0.161 0.149 
20:3(n-3) [Eicosatrienic(n-3)] 0.189 0.157 
20:3(n-6) [Eicosatrienic(n-6)] 0.433 0.459 
20:4(n-6) (Arachidonic) 3.13 3.25 
20:5(n-3) [Eicosapentaenoic(n-3)] 0.175 0.156 
22:6(n-3) (Docosahexaenoic) 0.104 0.107 
Saturated (SFA) 36.9 37.8 
Monounsaturated (MUFA) 42.4 44.1 
Polyunsaturated (PUFA) 19.6 18.2 
ɷ-3 0.88 0.73 
ɷ-6 17.4 16.3 
ɷ-6/ ɷ-3 19.9 22.5 
PUFA/SFA 0.54 0.49 
 
significant difference was found to exist in regards to percent collagen in the 
semimembranosus of pigs from two genetically different lines (Krasnowska and Salejda , 
2008).  In living muscle, stromal protein plays a vital role in structure supporting the muscle, 
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muscle bundle, and muscle fibers with the epimysium, perimysium, and endomysium, 
respectively (Lawrie and Ledward, 2006).  Connective tissue possesses a large number of 
intermolecular cross-links which provide it the ability to transmit the force of muscle 
contraction the skeleton, facilitating movement (Bailey et al., 1974).  As beef, pork, and lamb 
age, it appears as there is no systematic increase in the amount of intramuscular collagen, but 
rather the number and strength of crosslinks of the intramuscular collagen (Hill, 1966).  
These crosslinks also become more heat stable leading to a tougher meat product (Shimokom 
et al., 1972).  Consequently, intermuscular connective tissue has been classified as a 
background contributor to meat tenderness and it difficult to change (Ouali et al., 1992; 
Purslow, 2005). 
 
In beef samples, Wheeler et al. (2000a) discovered sensory panelists found less 
connective tissue in the “tender” class of beef as opposed to the “tough” class in the gluteus 
medius, semimembranosus, biceps femoris, and longissimus.  Furthermore they found 
panelists were able to discern significant differences in connective tissue amounts in the 
longissimus between the “tender” and “intermediate” classes, with the tender having less 
connective tissue.  Beef with more intermuscular fat (of up to 18 percent in this study) has 
been found to be more tender, as increased adipose tissue in the longissimus appears to break 
apart intramuscular connective tissue (Nishimura et al., 1999).  Small, but significant 
correlations of collagen content to sensory tenderness and sensory connective tissue have 
been found to occur in pork (Wheeler et al., 2000b).   Specifically it is the endomysium and 
perimysium that contribute to the tenderization of pork during aging (Nishimura et al., 2008; 
Nishimura et al., 2009).  The thickness of specifically the perimysium is significantly 
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correlated to the shear force value of pork (Fang et al., 1999; Nishimura et al., 2009).  The 
degradation of both the endomysium and perimysium resulted in rapidly decreasing shear 
force values of pork until day six and then a subtle, but continuing decline until day 14 
(Nishimura et al., 2008). 
 
Fiber Type 
Muscle fiber types are another factor which influence function and pork quality. No 
one particular fiber type exclusively comprises a muscle.  In rats, it has been found within 
muscle the deeper areas are usually a higher proportion of higher oxidative capacity fibers 
(Rosser et al., 1992) than exterior portions.  Hybrid fibers are common and may represent the 
rule rather than the exception (Schiaffino and Reggiani, 1996). Based on myosin heavy chain 
isoforms, muscle fibers can be classified into four main groups, I, IIa, IIb, and IIx (Table 3).   
Type I fibers are slow-twitch, oxidative fibers, that are considered red fibers because of their 
high myoglobin content.  They also contain large amounts of mitochondria and iron-
containing cytochrome of the electron transfer chain, and lipid which they break down 
aerobically to use as fuel (Choi and Kim, 2009).  These fibers have the slowest contraction 
time (Westerblad et al., 2010), but have the greatest endurance.  Fiber type I has been found 
to have an M-band with five strong lines and a wide Z-band (Sjostrom and Squire, 1977), to 
facilitate sustained contraction.   On the contrary type II fibers have three dominate lines in 
the M-Band and a thin Z-band, and are useful for rapid contraction.  Type IIx and IIb, which 
are considered white fibers, have the fastest contraction time (Westerblad et al., 2010).  Both 
IIx and IIb fibers function under anaerobic metabolism and are more easily fatigued.   
Finally, type IIa are red fibers that are intermediate between the fast and slow twitch 
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extremes.  These fibers are intermediate in their contraction speed and moderate in their 
ability to become easily fatigued. 
 
Table 3.  Characteristics of Muscle Fiber Types. Adapted from Westerblad et al., 2010 and 
Spencer and Porter, 2006. 
 I IIa IIx IIb 
Color Red Red White White 
Contraction 
Speed 
Slow Intermediate Fast Fast 
Metabolism Oxidative Intermediate Glycolytic Glycolytic 
Activity Aerobic Intermediate Anaerobic Anaerobic 
Concentration of 
Mitochondria 
High High Intermediate Low 
 
 
When compared to their feral contemporaries, modern domestic swine have a greater 
percentage of type IIb fibers and a decrease in the number of capillaries present in the muscle 
(Ruusunen and Puolanne, 2004).  Ryu and Kim (2005) found that increasing the percentage 
of type IIb fibers resulted in lowered pork quality, as increasing drip loss and lightness was 
observed.  Additionally, postmortem pH was inversely related to the quantity of type IIb 
fibers in a muscle (Ryu and Kim, 2005).  This is because type IIb fiber have a greater 
concentration of glycogen then type I fibers (Fernandez et al., 1995), which results in rapid 
glycolysis (Kim et al., 2005).  Size of the type IIb fiber many also contribute to poor pork 
quality.  Pigs which had a greater percentage of large-sized type IIb fibers (fibers with a 
diameter of 100 μm or greater) than normal or small sized fibers (smaller than 100 μm) 
produced pork loins which were tougher, lighter colored, and more exudative (Kim et al., 
2013).  Color and water holding capacity differences are most likely a result of increased 
glycogen concentration in the type IIb fibers leading to rapid glycolysis and altering the 
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postmortem pH decline.  Tenderness differences may be due to differences in postmortem 
protein degradation, as Ouali and Talmant (1990) reported a greater calpin:calpastatin in 
glycolytic compared to slow twitch fibers.  
 
Animal Nutrition 
 Animal nutrition can have a large impact on both carcass composition and meat 
quality.  Diets, containing ractopamine, of 3.3 or 3.48 ME Mcal/kg did not differ in average 
daily gain or average daily feed intake (Apple et al., 2004).  However pigs on the higher 
energy feed in this experiment were more efficient, as determined by calculating gain to feed 
ratio.  While no significant differences were seen in pork quality, carcasses of pigs fed the 
higher energy level had more fat at the tenth rib and last lumbar vertebrae, equating to a 
lower predicted lean percentage (Apple et al., 2004).  When high (3.54 ME Mcal/kg), 
medium (3.37 ME Mcal/kg), and low (3.32 ME Mcal/kg) energy diets including ractopamine 
were fed to pigs, it was concluded that feeding the low energy diet reduced final body 
weight, average daily gain, gain:feed, hot carcass weight and tenth rib backfat compared to 
those pigs fed medium or high energy diets (Hinson et al., 2011).  The inclusion of 
ractopamine in this diet alters fat partitioning, indirectly resulting in changes the fatty acid 
profile of the carcass.  Pigs fed ractopamine diets had reduced saturated fatty acids (SFA) in 
subcutaneous and intramuscular fat, and increased monounsaturated fatty acids (MUFA) in 
subcutaneous fat (Wiegand et al., 2011).  Another study, conducted without ractopamine 
found in one experiment increasing the energy level (2.09 verses 2.58 Mcal/Kg) produced 
faster gains, but they were not able to replicate this in a second experiment (2.89 verses 3.62 
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Mcal/Kg) (Wagner et al., 1963).  Feeding higher energy levels resulted in less feed required 
per pound of gain (Wagner et al., 1963).   
 
Iodine value (IV) in the adipose tissue of the pig is largely impacted by diet 
(Pettigrew and Esnaola, 2001; Wood et al., 2008).  IV is the chemical measure of the grams 
of iodine bound per 100 grams of fat, and is a measure of the double bonds present in the 
adipose tissue (NRC, 2012). Animal that had adipose tissue high in PUFAs (and thus have a 
higher IV) were found to have softer bellies compared to bellies from animals with greater 
SFA (Trusell et al., 2011).  Soft bellies and adipose tissue may lead to poor processing 
characteristics.  Although many different sources of fiber that can be included in swine diets 
exist today, a vast majority of fiber inclusion is in the form of dried distiller’s grains with 
solubles (DDGS).  It can be concluded that there is little doubt that increasing DDGS in the 
diet impacts belly quality, increasing iodine values (Benz et al., 2010; Leick et al., 2010; Xu 
et al., 2010a, b; McClelland et al., 2012), however only small differences appear in loin 
quality (Leick et al., 2010; Xu et al., 2010b).  This change is not directly related to the 
increase in fiber in the diet, but rather the change in fatty acid profile of the DDGS included.  
Xu et al. (2010b) fed DDGS at 0, 10, 20, or 30% levels and concluded that increasing levels 
of DDGS linearly decreased dressing percentage, marbling, loin muscle and belly firmness, 
but linearly increased fat free lean. Although, no pH, sensory, or color differences were 
determined among these four diets, a linear increase was observed in iodine values of the 
belly, backfat, and marbling with increasing inclusion of DDGS (Xu et al., 2010b).  Some of 
the negative effects of DDGS on adipose tissue could be counterbalanced by removing 
DDGS from the diet as little as three weeks prior to slaughter (Xu et al., 2010a).  Similar 
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results were found when studying quality of the loin, recording no differences in pH, 
subjective and objective color, percent moisture, and percent fat (Leick et al., 2010).  
Increasing DDGS did negatively impact marbling, firmness, and drip loss.  However, the 
biggest differences in pork quality were in the belly, as increasing DDGS translated to: 
decreased belly weight, length, thickness, and firmness, decreased L* values and increased 
cook loss (Leick et al., 2010).   
 
Conversion of Muscle to Meat 
 Living muscle is a dynamic tissue which has the great ability to handle large swings 
in energy expenditure (Scheffler and Gerrard, 2007), meat is the post-mortem aspect of this 
complicated biological tissue (Lawrie and Ledward, 2006).   In muscle, adenosine 
triphosphate (ATP), the energy source for the cell, can be created by aerobic metabolism, 
anaerobic metabolism, or the use of creatine phosphate.  Aerobic metabolism of glucose uses 
adenosine diphosphate (ADP) and a phosphate molecule, in the presence of oxygen, to create 
approximately 30 to 32 ATP (Nelson and Cox, 2005). On the other hand, production of ATP 
in the absence of oxygen, results in the breakdown of one molecule of glucose into two 
molecules of pyruvate, ultimately leading to the net production of only two ATP (Berg et al., 
2007a), a far less efficient way to produce energy.   A third way to create ATP is the use of 
both ADP and creatine phosphate in the presence of the enzyme creatine kinase (Lawrie and 
Ledward, 2006).  This final method is the most readily available and most rapidly consumed. 
 
The major changes that transpire in the conversion of muscle to meat include: 1) a 
depletion of available energy, 2) a shift to anaerobic metabolism which ultimately leads to a 
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pH decline, 3) an increase in ionic strength, and 4) the incapability of the cell to preserve 
reducing conditions (Huff-Lonergan et al., 2010).  This conversion process begins with 
rendering an animal insensible and the subsequent exsanguination, which is the ultimate 
cause of death.  A still pumping heart then works to remove blood from the carcass.  The first 
result of blood removal from the carcass is the shift from aerobic to anaerobic metabolism, as 
blood is the oxygen carrier in a living animal, leading to a fall in the oxidation-reduction 
potential (Lawrie and Ledward, 2006).  Anaerobic glycolysis produces hydrogen ions, 
lactate, and heat, waste products that cannot be removed, and consequently lower the pH of 
the muscle (Scheffler and Gerrard, 2007) and increases the ionic strength of the environment.  
A gradual pH decline should decrease to 5.7 after eight hours and then further decrease to 
around 5.3 to 5.7 at 24 hours postmortem (Wismer-Pedersen and Briskey, 1961). Rigor 
mortis is completed once all the ATP present in the carcass has been exhausted.  Rigor 
mortis, or stiffness at death, is the irreversible formation of actomyosin bonds.   The timing 
of the onset of rigor mortis is determined by two factors: 1) the pH of the muscle at death, 
and 2) the total glycogen reserves present in the muscle of the animal (Bate-Smith and 
Bendall, 1949).  Carcasses which experience rigor quickly postmortem can enter rigor as 
early as 30 to 45 minutes postmortem, whereas other carcasses may not enter rigor until four 
to six hours postmortem (Wismer-Pedersen and Briskey, 1961).  Since, waste products of 
aerobic metabolism drive pH decline it is not surprising to find postmortem pH decline to be 
highly correlated with onset of rigor mortis.   
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Postmortem pH Decline 
 Ultimate pH is an excellent indicator of fresh pork quality (Huff-Lonergan et al., 
2002; Boler et al., 2010) as outlined in Table 4.  Some final pork quality traits can be to pH 
as early as 45 minutes post mortem (Boler et al., 2010).  This work also suggests that 
correlations strengthen up to 24 hours postmortem.  Huff-Lonergan et al. (2002) found 
significant correlations between pH at 24 hours and color, marbling, firmness, percent drip 
loss, percent cook loss, star probe, and the sensory characteristics of tenderness, juiciness, 
flavor, and off-flavor. Boler et al. (2010) agrees with these findings, suggesting some 
correlations between ultimate pH and quality traits to be even stronger than previous work. 
 
Table 4.  Correlations of pH at various time points to pork quality traits.  Adapted from 
Boler et al. (2010) and Huff-Lonergan et al. (2002). 
Trait 45 Minute 
pH
1
 
3 Hour 
pH
1
 
24 Hour 
pH
1
 
24 Hour 
pH
2
 
48 Hour 
pH
2
 
Color NS
3
 0.18 0.50 0.30 0.28 
Minolta L* -0.08 -0.30 -0.53 - - 
Marbling 0.14 0.14 0.25 0.13 0.15 
Firmness NS 0.17 0.34 0.20 0.21 
Drip Loss -
4
 - - -0.33 -0.28 
Purge Loss -0.08 -0.20 0.42 - - 
Cook Loss -0.08 -0.20 -0.42 -0.20 -0.20 
Star Probe - - - -0.31 -0.29 
Shear Force -0.23 -0.26 -0.28 - - 
Tenderness - - - 0.27 0.28 
Juiciness - - - 0.17 0.15 
Pork Flavor - - - 0.25 0.32 
Off Flavor - - - -0.23 -0.32 
1
Data adapted from Boler et al. (2010), quality attributes were measured at 21 days 
postmortem (n=988). 
2
Data adapted from Huff-Lonergan et al. (2002), drip loss was determined in these samples at 
three days postmortem.  Samples were then aged to 10 days postmortem and the remainder of 
quality data was measured (n=525).  
3
Non Significant. 
4
Trait not measured in this study. 
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Extent and rate of pH decline are also important considerations.  The ultimate 
determinate of how far pH declines is the amount of glycogen present.  Rate and extent of pH 
decline are complex matters which can be affected by many production practices both on the 
farm and in the plant.  The first on farm factor that can affect rate and extent of pH decline is 
genetics (Figure 2).  One genetic mutation that alters pH decline is the Halothane gene.  The 
Halothane gene is caused by a single point mutation on the RYR1 gene (Fujii et al., 1991) 
which results in a poorly functioning ryanodine receptor, allowing for calcium to be released 
in large amounts into the muscle fibers from the sarcoplasmic reticulum (O'Brien, 1986; Ohta 
et al., 1989; Fill et al., 1990), ultimately causing excessive muscle contraction.  This 
excessive contraction uses a large amount of ATP, ultimately producing a large amount of 
lactic acid, and lowering pH.  Animals that are heterozygous (Nn) for this gene experience a 
much faster pH decline than pigs who are homozygous dominant (NN) (Channon et al., 
2000).  It has been suggested that Nn animals may be experiencing a greater amount of 
metabolic stress during transport and harvest, which could explain their lower pH (Bates et 
al., 2012).  An additional genetic abnormality is the Rendement Napole (RN) gene which is 
caused by a mutation in the regulatory γ subunit of adenosine monophosphate-activated 
protein kinase (AMPK) and results in an approximately 70 percent increase in muscle 
glycogen content (Milan et al., 2000).  This increased muscle glycogen content leads to an 
increased production of lactic acid postmortem, ultimately resulting in the lower ultimate pH 
recorded by several studies (Lundstrom et al., 1996; Hamilton et al., 2000; Le Roy et al., 
2000; Lindahl et al., 2006). 
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Figure 2.  Postmortem pH decline of carcasses which are normal, or have mutations 
of the Halothane or Rendement Napole (RN) gene.  Curves presented are a normal 
pH decline (Channon et al., 2000), Nn (carrier) of the Halolane gene (Channon et al., 
2000)
1
 and a pig with the RN gene (rn+, Ylä-Ajoes et al., 2007).  All pigs were 
slaughtered in a plant that used CO2 stunning. 
 
1
Data used from Channon et al., 2000, was CO2 stunned pigs, handled minimally.  pH 
presented was recorded in site one of the loin. 
 
The manner in which animals are handled can also impact the extent of pH decline, 
beginning with feed withdrawal times.  Pigs which experienced longer feed withdrawal time 
antemortem, tended to have less glycogen stored  in the adductor which resulted in a higher 
ultimate pH (Warriss et al., 1989).  Panella-Riera et al. (2012) agreed that fasting times 
affected pH, as an on-farm fasting time of 12 hours tended to increase 45 minute post-
mortem and ultimate pH in the longissimus thorasis.  However, short term stress during 
transport and in the plant, can result in a lower ultimate pH, due to a rapid decrease in 
glycogen content, and increased rate of glycolysis postmortem.   Pigs handled negatively (for 
two minutes over five days a researcher entered the pen for two minutes and administered an 
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electric shock to animals which approached them) at the farm had a lower ultimate pH as 
compared to those animals which were minimally handled (D'Souza et al., 1998).  High 
stress pre-slaughter is a large contributing factor to poor pork quality (Hambrecht et al., 
2005).  Animals handled negatively at the plant had lower muscle glycogen concentrations 
than minimally handled pigs at five minutes and 24 hours post-mortem, no difference was 
observed in muscle glycogen content between these two groups at 40 minutes, and no 
difference in ultimate pH was observed (D'Souza et al., 1998).  
 
The target ultimate pH for pork is 5.6 to 5.9 (National Pork Producers Council Pork 
Solutions National Pork Producers Pork Quality Solutions Team, 2002).  Postmortem pH 
decline is faster in pork than beef and lamb (Koohmaraie et al., 1991; Table 5).  Wismer-
Pedersen and Briskey (1961) observed four distinct pH decline categories in their research 
(Figure 3): 1) those carcasses that had a slow, gradual decreased to an ultimate pH of 5.7 to 
6.3, 2) a gradual decrease to 5.7 at eight hours and then a further decrease to 5.3 to 5.7 at 24 
hours, 3) a rapid decrease to pH 5.5 within three hours with an ultimate pH of 5.3 to 5.6, and 
4) a rapid decline to 5.1 within 1.5 hours postmortem and then a subsequent elevation to 5.3 
to 5.6.    Postmortem pH decline can be affected by the initial amount of glycogen present in 
an animal as well as the rate of decline.  An animal with small glycogen reserves will have a 
higher pH (Warriss et al., 1989).  A rapid decline in pH can be attributed to accelerated 
anaerobic glycolysis which rapidly produces lactic acid. This lowered pH coupled with high 
temperatures results in muscle protein denaturation and lowered meat quality, specifically 
water holding capacity (Wismer-Pedersen, 1959).  Poor water holding capacity is often 
associated with a condition referred to as pale, soft, and exudative (PSE).  As the name  
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Table 5.  Postmortem pH decline of lamb, beef, fed and fasted pigs, adapted from 
Koohmaraie et al. (1991). 
Time Beef Lamb Fed Pig  Fasted Pig 
0 h 6.86 6.89 6.40 6.49 
3 h 6.47 6.66 6.44 6.06 
6 h 6.12 6.42 6.00 6.01 
9 h 5.87 6.28 5.78 5.84 
12 h 5.77 6.04 5.51 5.62 
24 h  5.63 5.65 5.42 5.46 
 
 
Figure 3.  Postmortem pH decline as described by Wismer-Pedersen and Briskey 
(1961)
1
 
 
1
Number assigned to curves correspond to types of pH decline curves described by 
Wismer-Pedersen and Briskey (1961): 1) those carcasses that had a slow, gradual 
decreased to an ultimate pH of 5.7 to 6.3, 2) a gradual decrease to 5.7 at eight hours 
and then a further decrease to 5.3 to 5.7 at 24 hours, 3) a rapid decrease to pH 5.5 
within three hours with an ultimate pH of 5.3 to 5.6, and 4) a rapid decline to 5.1 
within 1.5 hours postmortem and then a subsequent elevation to 5.3 to 5.6.     
 
implies, pork that falls into this category is a pale pink to pinkish-grey in color, soft to the 
touch and has extreme drip loss.  This extreme amount of exudate, caused by poor water 
binding ability is potentially the most important economic impact of PSE pork (Cannon et al., 
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1995).  Poor water binding in fresh product, translates into poor processing characteristics.  
Conversely, if ultimate pH does not decline to the ideal 5.6 to 5.9 level, dark, firm, and dry 
(DFD) pork can occur. Although not as prevalent as PSE pork this condition is still a pork 
quality concern that occurs from a depletion of glycogen prior to harvest.  Since little 
glycogen is present to produce ATP through aerobic glycolysis, only a small pH drop occurs.  
The resulting product is very dark in color and has very little exudate. 
 
Postmortem Protein Degradation 
 Skeletal muscle consists of highly organized proteins.  It is the breakdown of these 
proteins such as: desmin, filamin, titin, nebulin, and troponin-T which contribute to meat 
tenderness and impacts water holding capacity.  In live muscle these proteins play a variety 
of roles in cell structure and integrity.  Desmin, is located in the intermediate filament and 
plays a role in structural integrity of the cell (Paulin and Li, 2004).   Filamin (or actin binding 
protein in non-muscle cells) is thought to be responsible for cell shape and locomotion 
(Cunningham et a., 1992).   In living muscle, titin is: 1) a molecular spring that impacts 
myofibrillar stiffness, 2) serves as a stabilizer and sarcomeric template in muscle growth and 
development, and 3) plays a role in signaling pathways (Clark et al., 2002).  Clark et al. 
(2002) and Au (2004) suggests that nebulin is used in living muscle as a molecular ruler, 
helping to determine the length of thin filaments.  Troponin–T is the anchor which connects 
the troponin complex to the thin filament by binding to tropomyosin (Au, 2004).  
Postmortem degradation of these proteins completed by endogenous proteins, namely: μ-
calpain and m-calpain, and their inhibitor calpastatin (Goll et al., 1998).  Cong et al. (1989) 
explains, μ-calpain can be activated with micromolar amounts of calcium, and m-calpain 
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with millimolar amounts of calcium.  Both μ- and m-calpain are calcium dependent 
proteolytic enzymes (Goll et al., 1998).  In vivo the calpain system is involved in muscle 
growth and protein turnover (Goll et al., 1998).  Koohmaraie and Shackelford (1991) found 
that inclusion of calcium chloride in fresh lamb impacted the activities of calpain. During the 
postmortem conversion of muscle to meat, the sarcoplasmic reticulum (a structure that 
surrounds each fiber and is responsible for calcium regulation in the cell) loses the ability to 
sequester calcium.  The consequence is a large flood of calcium into the cell, which not only 
allows of rapid contraction and use of ATP, but also the activation of calpain.  The only 
known function of calpastatin is the inhibition of calpains (Goll et a., 1998). In pork this 
activation is quick, as pork is more tender than beef or lamb at day one postmortem 
(Koohmaraie et al., 1991). Calpain and calpastatin activity can also be impacted by factors 
other than calcium presence. Maddock et al. (2005) outlined the effects of pH and ionic 
strength on calpain and calpastatin.  It was concluded that μ-calpain is more active at pH 6.5 
than 6.0 or 7.5 and m-calpain activity is greater at 7.5 than 6.5, however both have decreased 
activity as intercellular ionic strength, or the amount ions specifically from sodium chloride 
in the cell, increases.  This occurs because increased ionic strength decreases the stability of 
autolyzed μ-calpain and thus decreasing μ-calpain activity (Geesink and Koohmaraie, 2000; 
Li et al., 2004).   Furthermore, in regards to inhibition by calpastatin, μ-calpain was not 
affected by pH, yet m-calpain had greater inhibition at pH 6.5 than 7.5, with both μ- and m- 
calpain experiencing increased inhibition by calpastatin at increased ionic strength (Maddock 
et al., 2005).   
 
35 
 
 
 
Differences exist in activities of calpain and calpastatin between species: pork, as 
opposed to beef or lamb, possessed lower activity of m-calpain and calpastatin (Koohmaraie 
et al., 1991).  Within cattle, the activity of calpastatin can be variable. Brahman cattle have 
greater calpastatin activity, and have higher shear force values than Waguli (Wagu x Tuli), a 
composite breed (Ibrahim et al., 2008). Calpastatin differences between different swine 
genetics also exist.  Pigs genetically selected for lower residual feed intake over five 
generations were found to have greater calpastatin activity in the longissimus immediately 
postmortem than a randomly selected control line (Smith et al., 2011).  Work which 
compared a Duroc line selected over five generations for lean growth efficiency (select line) 
and compared to a random control line of the same breed found no difference in calpastatin 
in the longissimus 24 hours postmortem, however at the same time point animals of the 
control line had lower calpastatin activity in the longissimus than the select line (Lonergan et 
al., 2001).   In an experiment with both a stress sensitive line selected for high carcass lean 
and a homozygous stress resistant line selected for maximum live weight growth, it was 
concluded calpastatin activities in muscle were not different between lines (Claeys et al., 
2001). 
 
 Postmortem degradation plays a large role in tenderization of meat.  This 
tenderization can be achieved in different ways.  For example proteins located at the Z-line 
(line which bisects the I-band and is the anchor for thin filaments composed of actin) – 
desmin, filamin, dystrophin, and talin - impact the integrity of the myofibrillar protein upon 
degradation as well as attachment of the myofibril to the sarcolemma, whereas other proteins 
– titin, nebulin, and troponin-T – interact directly with the thick and thin filaments (Huff-
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Lonergan et al., 2010). The protease μ-calpain is responsible for the degradation of some of 
these important proteins: titin, nebulin, filamin, desmin, and troponin-T (Huff-Lonergan et 
al., 1996).  The latter group, proteins that interact directly with the thick and thin filaments, 
have been widely studied.  Titin and nebulin are both giant myofibrillar proteins which play a 
role in postmortem tenderization.  In more tender beef longissimus samples both proteins 
degrade faster than their tougher counterparts (Huff-Lonergan et al., 1995).  Anderson and 
Parrish (1989) noted that titin and nebulin bands appear less intense in tender steaks when 
compared to less-tender steaks, on an SDS-PAGE gel.  The degradation product of titin and 
nebulin are positively correlated with increased aging time, in beef all intact titin was 
degraded on or by day 14 postmortem, and all intact nebulin by day seven postmortem (Huff-
Lonergan et al., 1995).  In addition to these two proteins, degradation of troponin-T has been 
linked to an increase in tenderness.  Huff-Lonergan et al. (1996) found that degradation of 
intact desmin into 30- and 28-kDa bands was correlated to shear force, with the tougher 
samples having delayed appearance of these degradation bands.  Z-line proteins are also very 
involved in postmortem degradation.  Specifically, desmin has been extensively studied from 
a meat quality stand point.  Desmin, a key player in the structural integrity of the cell (Paulin 
and Li, 2004), and it has been suggested that it’s degradation could lead to a partial 
breakdown of the structure of the cell (Huff-Lonergan et al., 2010), and consequently an 
increase in tenderness (Melody et al., 2004; Rowe et al., 2004).  It is also important to note, 
calpain and calpastatin activity directly impact meat tenderness.  Warner-Bratzler shear force 
has been found to negatively correlated with calpastatin activity and positively correlated to 
the ratio of μ-calpain to calpastatin activity in beef longissimus muscle (Veiseth-Kent et al., 
2010).  
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Degradation of desmin, an intermediate filament protein, and integrin, an 
extracellular matrix protein, can play a role in the WHC of pork. Intensity of intact desmin 
day one and seven postmortem positively correlated to drip loss at day one, cumulative drip 
loss (total drip loss from days one through five), and cumulative purge from the sirloin (total 
purge loss from days one through seven) (Zhang et al., 2006). High levels of intact integrin 
were found to be negatively correlated to drip loss at day one as well as cumulative drip loss.  
High levels of intact integrin remaining at day five postmortem were negatively correlated 
with cumulative (days one through seven) purge loss (Zhang et al., 2006).  Desmin is 
involved in transmitting transverse shrinkage. Consequently, when this protein is degraded, 
less transverse force occurs, allowing for more water to remain in the muscle cell.  In the 
case of integrin, degradation is actually detrimental to WHC.   Integrin, which is responsible 
for the attachment of the muscle cell membrane to the cytoskeleton, can also play a role in 
determining WHC.  Degradation of integrin by m-calpain, allows for the formation of drip 
channels to aid water out of the cell (Lawson, 2004), resulting in a lower WHC. 
 
Meat Quality 
Color 
 Major inconsistencies occur in fresh pork color on the modern grocery store shelf.  
Consumers use color as their number one tool when selecting a product, using it as an 
indicator of wholesomeness (Mancini and Hunt, 2005).  Consequently, inconsistencies can 
lead to consumer’s hesitance to purchase a pork product.   The protein myoglobin plays the 
largest role in meat color, although hemoglobin and cytochrome C (located in the 
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mitochondria) can also impact color (Mancini and Hunt, 2005). Myoglobin’s structure is the 
key to understanding fresh meat color.   Each myoglobin molecule contains a heme group 
located in the hydrophobic pocket of the protein.  At the center of this heme group is iron 
(Fe) which possesses six binding sites, four of which are covalently bound to the heme 
group, one bound to globin, and one that can have variable compounds attached and dictates 
the state of the myoglobin molecule (Table 6), and ultimately, the color state.  In a non-
oxygenated state myoglobin (or deoxymoglobin) is purplish red in color and iron is in the 
ferrous (Fe
2+
) state.  This state of color is often seen when vacuum packaging is used.  When 
oxygen is present, myoglobin enters the oxymyoglobin state.  Specifically, this state is 
characterized by a bright red color and ferrous (Fe
3+
) iron.  Oxymyoglobin is the color state 
which consumers prefer, usually observed in overwrap - polyvinyl chloride highly permeable 
to oxygen - or modified atmosphere packaging - a multi-layer oxygen impermeable film in 
which gasses such as oxygen, carbon dioxide and nitrogen are used.  When myoglobin 
becomes oxidized, it transitions into the metmyoglobin pigment and a ferric (Fe
2+
) state of 
iron.  This pigment results in a brown color, which consumers can relate to spoilage.  Product 
that has been exposed to oxygen for extended time in overwrap or modified atmosphere 
packaging may exhibit this pigment.   
 
Myoglobin concentration also plays a role in fresh meat color.  Level of soluble 
myoglobin content have been found to positively correlate with CIE a*, and negatively 
correlate with CIE L*and b*, and light reflectance measurements at 24 and 48 hours 
(Newcom et al., 2004).  Newcom et al. (2004) further suggest that soluble myoglobin 
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concentration is moderately heritable, and therefore color can be modified through genetic 
selection. 
 
Table  6 . Pigments found in fresh meat, adapted from Lawrie and Ledward (2006). 
Pigment Mode of Formation State of 
Iron 
Color 
Myoglobin Reduction of metmyoglobin; de-
oxygenation of oxymyoglobin 
Fe++ Purplish-red 
Oxymyoglobin Oxygenation of myoglobin Fe++  Bright red 
Metmyoglobin Oxidation of myoglobin, 
oxymyoglobin 
Fe+++ Brown 
 
 
Water Holding Capacity  
Water holding capacity (WHC) is of importance with respect to meat quality for two 
reasons: 1) economics, as meat is sold be weight, and 2) customer satisfaction, because 
excessive purge is aesthetically unappealing, juiciness and tenderness sensory traits are 
related to WHC, and an increased cook loss results in a lower cooked product yield and less 
servings (Offer and Trinick, 1983).  The central structural component responsible for WHC 
is the myofibril.  Myofibrils compose the vast majority of the volume of lean meat at 70 
percent, with one myofibril containing approximately 20 percent protein and 80 percent 
water (Offer and Trinick, 1983).  Water exists in three forms in meat: bound, immobilized (or 
entrapped), and free, and can be characterized by the bonds present between water and the 
myofibril. Several recent reviews have defined the differences in these types of water (Huff-
Lonergan and Lonergan, 2005; Cheng and Sun, 2008; Pearce et al., 2011).  Bound water 
possesses low mobility and remains very tightly bound to protein even under mechanical 
force or extreme temperature changes.  Immobilized water is less tightly bound to protein, 
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generally being held by weak forces like hydrogen bonding.  Finally, free water has the 
weakest force of attraction, and can be easily mobilized through minor forces such as 
contraction and rigor mortis.   
 
Postmortem pH decline plays a large role in WHC (Wismer-Pedersen, 1959).  In 
meat, water molecules are held by the attraction of opposite charges to protein.  As carcasses 
enter the postmortem conversion of muscle to meat, and a subsequent pH drop is observed, 
myofibrillar proteins are moving closer to their isoelectric point (pI), usually around pH 5.0 
to 5.2.  At the pI of a protein, all of that protein’s functional properties are impaired (Panyam 
and Kilara, 1996).  In the case of myofibrillar proteins, the ability to bind and retain water is 
impaired. As pH moves closer to the pI, the net charge of the protein decreases.  When 
muscle protein has reached its pI, there are equal positive and negative groups on the protein 
to attract to each other, leaving no charge to hold water molecules to the protein (Huff-
Lonergan and Lonergan, 2005), and consequently a decrease in WHC is observed.  
Postmortem pH can also impact the shrinking and swelling of myofibrils.  In a model system 
increases in a meat sample from pH seven to nine, myofibrils will swell tightly, conversely, 
as pH decreases from seven to five myofibrils shrank a similar amount (Offer and Trinick, 
1983).   
 
Structural changes causing lack of space, or steric effects, can also impact the ability 
of water to bind to muscle protein. Honikel et al. (1986) found that a close linear relationship 
existed between sarcomere shortening and an increase in drip loss.  Naturally, there is 
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shortening of sarcomeres from the contraction of rigor.  The formation of permanent cross-
bridges of actin and myosin at rigor may be a contributing factor (Matsubara et al., 1984), as 
this leads to a loss of interstitial space for water to occupy.  With the permanent contraction 
of muscle, postmortem gaps begin to appear in muscle beginning with gaps between fiber 
bundles and the perimysial network at four to six hours, and gaps between fibers forming at 
24 to 48 hours (Offer and Cousins, 1992).  These various gaps form channels allowing drip to 
escape the product.  Since these gaps form at different times postmortem, drip can originate 
from various locations in and around the myofibril, with water the most tightly bound to the 
myofibril being the hardest to remove (Huff-Lonergan and Lonergan, 2005). Area within the 
muscle may be desirable. If intermediate filaments do not degrade myofibrils are pulled close 
to each other and little area remains to hold water.  Conversely, degradation of intermediate 
filament proteins allows for extramyofibrillar space to be created to hold water (Huff-
Lonergan and Lonergan, 2005). 
 
Sensory Quality Characteristics 
 The term sensory can be defined as relating to the senses; in a meat product this can 
include appearance, taste, texture, flavor, and aroma.  These traits, combined determine 
product palatability.  As Issanchou (1996) outlines, perceived quality of a meat product is 
dependent on the person purchasing the product, as well as the method in which the 
consumer plans to use the product.  A variety of motives can play into a purchasing decision, 
these include such characteristics as tradition and security, variation, atmosphere and social 
life, acceptance from family and guests, nutrition, demonstration of cooking abilities and 
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status (Grunert, 1997).  Additionally, this research suggests there are important quality cues 
consumers are mindful of when determining quality: taste, tenderness, juiciness, freshness, 
leanness, healthfulness, and nutrition.  
 
Consumers begin to immediately discern perceived quality of a meat product upon 
first sight.  Color is the number one determining factor in product selection, as it is used and 
an indicator of wholesomeness (Mancini and Hunt, 2005).  Consumers select products from 
the retail display case that are wet appearing and intensely pink in color (Brewer and 
McKeith, 1999)  and low to medium amounts of marbling (Brewer et al., 2001). Grunert 
(1997) supports these findings in beef suggesting fat is generally viewed as a negative when 
making a purchasing decision. Consumers also discern quality upon consumption of the 
product, and determine overall palatability.  Palatability can be defined as how well a food is 
liked, the more pleasant the food the greater the palatability (Sorensen et al., 2003).  
Generally, the more palatable a food is, the more pleasant the eating experience, and 
ultimately the higher the likelihood of a repeat customer.  In the previously mentioned study 
on consumer marbling preferences, when offered highly marbled chops consumers rated 
them as more flavorful, juicy, and tender than the chops they selected to purchase (Brewer et 
al., 2001).  
 
Juiciness 
 Although less studied than other sensory traits, such as tenderness and flavor, 
juiciness plays an important role in palatability.  Juiciness is responsible for expediting the 
chewing process and serving as the vehicle to transport food to taste receptor cells on the 
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tongue, so that taste may be perceived (Aaslyng et al., 2003). Aaslyng et al. (2001) further 
defines juiciness as a combination of meat and saliva that during mastication give the feeling 
of moisture.  Many factors can play a role in the final juiciness of a product.  Some ante-
mortem factors include age and environment. Cuts from pigs slaughtered at three months of 
age are juicier than those processed at six months (Bertram et al., 2007).  This is because of 
greater relaxation time (as determined by NMR measurements) of extramyofibrillar water in 
loins from three month old pigs compared to loins from pigs six months old (Bertram et al., 
2007).  Jonsal et al. (2001) found that pigs raised indoors were found to produce ham that 
was juicier than pigs raised outdoors.  Some studies suggest that the amount of intramuscular 
fat, or marbling, has a positive impact on sensory juiciness (Devol et al., 1988; Hodgson et 
al., 1991; Fernandez et al., 1999; Brewer et al., 2001; Cannata et al., 2010).  This is however 
contrasted by Rincker et al. (2008) who found no correlation between extractable lipid and 
juiciness in pork loins when contolled for pH, management and slaughter date.  Additionally, 
Lonergan et al. (2007) presented data to support that lipid in pork loins did not have a 
significant impact on sensory juiciness scores within a similar pH range.  As discussed 
earlier, pH is known to impact WHC, and ultimately sensory juiciness.  As pH declines, 
myofibrils shrink (Offer and Trinick, 1983) as they approach their isoelectric point.  This 
causes gaps to form allowing water to escape from the product.  A product with low WHC 
will be less juicy than its high WHC counterpart.  
 
Tenderness 
Of all sensory traits, tenderness is the most likely to possess the greatest variation.  
Sensory tenderness is moderately correlated with the mechanical Warner-Bratzler shear force 
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(Peachey et al., 2002).  Peachey et al. (2002) suggest that when comparing sensory scores to 
objective measures it is common for samples with high scores to be over-estimated and low 
scores, under-estimated, thus accounting for the difference observed between the two values.   
 
A variety of antemortem factors can play a role in tenderness of meat.  The 
differences in tenderness begin with genetics.  In a four breed study of Large White, Czeck, 
Landrace, and Duroc pigs, Jelenikova et al. (2008a) found loins from pigs of the Duroc breed 
to be the most tender and Landrace loins to be the toughest.  Crawford et al. (2010) found 
Landrace pork to be tougher than Berkshire pork as well.  Warner-Bratzler shear values on 
loins were found to be greater in a line of Duroc pigs selected over five generations for 
increased lean growth efficiency when compared to loins from a randomly selected Duroc 
control line selected for the same number of generations (Lonergan et al., 2001). Warner-
Bratzler shear force measures both the peak force and total energy used to shear through a 
meat sample where the muscle fibers are parallel to the long dimension of the sample 
(Honikel, 1998).  Sex impacts meat tenderness, with pork from boars being less tender than 
pork from barrows and gilts (Bartongade, 1987).  Sex of the animal can factor into final 
tenderness of the pork product as well.  Barrows have been found to produce smaller loin 
chops, which require more time per kilogram to cook, but are more tender and perceived as 
more desirably flavored than chops from gilts (Ramsey et al., 1973). 
 
Diet also plays a role in tenderness of pork, as Thornton et al. (1968) found that pigs 
fed a reduced dietary energy intake had cuts from the longissimus dorsi which were less 
tender and palatable that pigs with a higher energy intake.  It was suggested that this 
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difference may be due to fat accretion level in between pigs on the two diets, as the pigs with 
low energy intake were leaner than the pigs on the conventional diet (Thornton et al., 1968).  
In modern swine the use of ractopamine hydrochloride has led to tenderness concerns.  Pigs 
fed ractopamine hydrochloride have tougher loin chops at day two postmortem than loin 
chops from their counterparts without the feed additive (Xiong et al., 2006).  However, it 
appears that pigs fed ractopamine hydrochloride simply have a slower rate of postmortem 
degradation, as tenderness differences were not evident by day ten (Xiong et al., 2006).  
Finally, age of the animal at harvest can impact tenderness.  Work by Thornton et al. (1968) 
found that with the exception of Durocs on the high energy diet, all other line and diet 
combinations exhibited a linear trend for increased toughness as an animal aged.  However, 
an irregularity occurred in the 170 to 226 days of age range, as there was a sharp increase in 
both sensory and mechanical toughness measurements.   
 
Pork longissimus muscle aged seven days postmortem had lower Warner-Bratzler 
shear values, and were judged to have more acceptable sensory tenderness, flavor, overall 
liking, and quality compared to longissimus muscle aged two days postmortem (Channon et 
al., 2004).  Conversely, work evaluating loin chops and roasts found that increasing aging 
time resulted in more tender cuts which were less desirably flavored (Ramsey et al., 1973).  
Flavor was rated the greatest in samples aged one week, and juiciness was rated highest in 
samples which were not aged.  Regardless of the aging time of this work, it is interesting to 
note, that chops from the center of the pork loin had lower mechanical tenderness measures 
than those from more anterior and posterior sections (Ramsey et al., 1973).   Intriguingly, 
aging time plays a role in cooking traits of pork loin.  Pork chops aged zero to seven days 
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postmortem were heavier (as a result of heavier muscled carcasses) and required less cooking 
time per kilogram than chops aged longer (Ramsey et al., 1973).  Still others suggest that 
aging pork loin for 12 days only had slight effect on palatability (Harrison et al., 1970).  Yet, 
to see any significant changes in pork loin, it must be aged for greater than four days 
(Harrison et al., 1970).   
 
Final toughness or tenderness of a meat product is the result of altering of the muscle 
structure components and proteins (Hopkins and Taylor, 2004), often through aging process.  
Of course, this tenderization process includes the aforementioned postmortem degradation, 
but can also be affected by protein oxidation (Ouali et al., 2006). Oxidation in a model 
system has shown there may be a decrease in the amount of μ-calpain proteolysis (Carlin et 
al., 2006).  Lund et al. (2007) conducted an experiment evaluating modified atmosphere 
packaging (70 percent oxygen and 30 percent carbon dioxide) and skin packaging (no 
oxygen present) over a 14 day aging time. Running SDS-PAGE gels, they found that protein 
oxidation was associated with cross-linking of the myosin heavy chain and the decrease of 
the content protein thiols, which ultimately resulted in decreased meat quality (Lund et al., 
2007).  In high oxygen atmosphere protein oxidation resulted in less proteolysis and cross 
linking and ultimately a less tender (Clausen et al., 2009) and juicy product (Lund et al., 
2007).  The reduction in tenderness may be the result of the formation of titin and myosin 
cross-linking (Kim et al., 2010).   
 
Postmortem pH is another factor which participates in the determination of meat 
tenderness.  Although in beef, Jeleníková et al. (2008b) concluded that a curvilinear 
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relationship exists between pH and tenderness.  However, Silva et al. (1999) counters this 
stating that a linear relationship exists;  with increased pH an increase in tenderness is 
observed.  Specifically in pork, it has been observed that pH at 45 minutes post mortem is a 
better predictor of tenderness than ultimate pH (Jeleníková et al., 2008a). 
 
Processing has proved a successful tool to improve selected pork quality traits.  The 
meat industry has been inundated with a variety of processing methods, and by no means is 
the subsequent list exhaustive.  Mechanical means of meat tenderization can be as simple as 
blade tenderization.  Blade tenderization has been shown in beef as a means to effectively 
improve tenderness (King et al., 2009), particularly in hip muscles, such as the gluteus 
medius (Jeremiah et al., 1999).  Other means of tenderization may include the injection of 
brines into pork loins.  Infusion of calcium chloride into meat boned at rigor or meat that had 
undergone accelerated processing and conditioning, was found to result in an overall lower 
Warner-Bratzler shear force in pork loins after six days of aging at 2 degrees C (Rees et al., 
2002).  This infusion did have detrimental effects on drip loss and pork loin color (Rees et 
al., 2002).  Marination of pork loin can improve tenderness.  When compared to loin injected 
with five percent salt, several treatments improved tenderness, including: five percent sodium 
tripolyphosphate; three percent sodium bicarbonate; five percent salt and five percent sodium 
tripolyphosphate; five percent salt and three percent sodium bicarbonate; five percent sodium 
tripolyphosphate and three percent sodium bicarbonate; and five percent salt, five percent 
sodium tripolyphosphate, and three percent sodium bicarbonate (Sheard and Tali, 2004).  
Finally, although used primarily as a microbial growth intervention, pork treated by high 
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pressure processing has been found to be more tender than non-treated pork (Souza et al., 
2011).   
  
Flavor 
 When a consumer defines flavor, they often confuse it with the “taste” of the product, 
where in fact flavor is a complex combination of both the organoleptic properties of taste and 
odor (Prescott, 1999).  Flavor is the chemical sensation, caused by the molecules released 
during the chewing of food (Voilley and Etievant, 2006).  Although very important, pork 
flavor has not been heavily focused on in the past, as research has been aimed at improving 
animal efficiency, nutritional value, or reducing product costs while keeping flavor traits 
static (Ngapo and Gariepy, 2008).  Ngapo and Gariepy (2008) suggest that consumer 
complaints of lack of flavor, or flavor not as strong as pork of the past, could be due to 
increased leanness of modern pork.  The increased in selection pressures for increased 
leanness due to pricing grids and feed costs, have resulted in a decreased amount of marbling 
in pork, and may potentially explain the increased “blandness” as described by Ngapo and 
Gariepy (2008).  Flavor may also be dependent on ultimate pH, Bidner et al. (2004) 
concluded that as ultimate pH approached 6.1 or fell below 5.2 off-flavors increased. 
Animal nutrition can not only impact the carcass composition of an animal, but also the 
sensory characteristics of the pork.  As outlined by Hansen et al. (2002) five main factors can 
contribute to this change: 1) the movement of aroma active compounds to meat from the diet, 
2) altering fatty acid composition, 3) the absorption of odors from the animals immediate 
environment via the skin, 4) the deposition of aroma-active metabolites produced in the 
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gastro-intestinal tract into the meat, and 5) changes in efficiency, altering the breakdown of 
compounds in the liver.  
 Even though taste is an important factor in flavor, it is actually the volatiles formed 
during the cooking process of meat which contribute most to the characteristic flavors of 
meat (Mottram, 1998).  Although it is for food safety reasons that raw pork is not consumed, 
it can be implied its sensory characteristics would not be desirable, due to lack of a 
characteristic cooked meat aroma.  It is through the cooking process, specifically the 
Maillard reaction, in which meat develops the volatiles needed for the preferred sensory 
characteristics of the consumer.  These volatiles are derived from both lipid-soluble and 
water-soluble compounds found in meat, however it is the lipid portion which appears to 
contribute the most to meat flavor (Mottram, 1998).  Abundant lipid-derived volatiles in 
cooked meat include: acids (nonanoic acid), ketones (octane-2,3-dione), aldehydes (pentanal, 
hexanal, heptanal, octanal, nonanal, decanal, hept-(E)-2-enal, dec-(E)-2-enal, deca-(E,Z)-2,4-
dienal, and undec-(E)-2-enal), furans (2-pentyl-furan), and alcohols (hexan-1-ol, oct-1-en-3-
ol, and octan-1-ol) (Estevez et al., 2003).  Beef steaks with increasing PUFA content have 
been found to have higher levels of lipid oxidation in their aroma extracts (Elmore et al., 
1999).  Loins from lean pigs are expected to have a more intense development of warmed 
over flavor than loins from comparatively fatter pigs, possibly due to a greater content of 
heme iron in the loin which may promote a greater production of lipid-derived volatiles 
during cooking (Estevez et al., 2003).  However, this finding may be confounded by the fact 
that animals used in this study were of different breeds, on different diets, slaughtered at 
different weights and ages.  This research did show profile differences of volatiles between 
fresh and cooked product.  
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Abstract 
The project goal was to determine the effect of divergent selection for residual feed 
intake (RFI) on feeding either a high energy, low fiber (HELF) or a low energy, high fiber 
(LEHF) diet on carcass composition and quality traits. In experiment 1, 177 pigs of the ISU 
divergently selected RFI lines were randomly assigned to 8 mixed line and sex pens with 4 
pens per diet. Slaughter occurred in 3 groups at a mean pig body weight of 121.5 kg. Data 
were analyzed using the mixed procedure of SAS with fixed effect of line, diet, sex, 
line*diet; random effects of slaughter group (SG), pen, litter and sire; off-test weight was as 
a covariate. Carcasses from LRFI animals has less fat depth, and greater loin depth and 
percent lean (<0.01), while carcasses from animals on the LEHF diet had a lesser HCW, fat 
depth, and greater percent lean (P<0.01). These data were also collected over generations (G) 
67 
 
 
 
8 and 9 on 315 pigs (G8=158, G9=157) on FIRE feeders; 6 pens of each diet per G.  Pigs 
from G8 were harvested at a mean of 122.5 kg, and G9, 128.4 kg. Data were analyzed using 
the mixed procedure of SAS with fixed effect of line, diet, sex, G (except adipose), line*diet; 
random effects of SG, pen, litter, sire, and sensory day (sensory traits, cook loss, and star 
probe); off-test weight was fit as a covariate. Unlike experiment 1, loin depth tended to be 
greater carcasses from LRFI than HRFI pigs (P=0.09).  Diet impacted composition the same 
as experiment1, except LEHF animals had a lesser loin depth (P<0.05) than HELF.  LRFI 
animals on the HELF diet had the greatest loin depth (P<0.01) compared to other line by diet 
combinations.  Loins from HRFI animals had greater drip loss, color scores, LM a* and b*, 
percent lipid, and lesser percent moisture (P<0.05).  Chops from animals on the LEHF diet 
had lesser LM and adipose L* values and greater percent moisture than those from pigs fed 
the HELF diet. HRFI animals on the HELF diet had loins with the greatest percent lipid 
(P<0.05). Chops from LRFI pigs were juicer than those from HRFI (P<0.05), and gilts 
produced tougher loins than barrows (P<0.05).  At 5 d postmortem (PM) loins from HRFI 
animals showed greater 38 kDa desmin degradation product (P=0.05), and d 2 PM loins from 
LRFI pigs on LEHF diet had the greatest degradation (P<0.05). Gilts (P=0.06) and LEHF 
(<0.01) fed pigs had adipose tissue with higher iodine value (IV) than barrows and HELF fed 
pigs, respectively. Improved efficiency has come at the cost of certain quality attributes, such 
as marbling and color.  LEHF diet impacted all pigs in the same manner, resulting in poorer 
adipose tissue quality and lower IV.
68 
 
 
 
 
Key Words 
Energy, iodine value, pork carcass composition, pork quality, residual feed intake 
 
Introduction 
 Profitability of a pork enterprise demands a strong focus animal efficiency. Residual feed 
intake (RFI) is a moderately heritable trait (Arthur et al., 2001; Nguyen et al., 2005; Gilbert et 
al., 2007; Cai et al., 2008; Hoque et al., 2009) which can be used to select for feed efficiency; 
low RFI (LRFI) pigs are more efficient than high RFI (HRFI). RFI is the difference between 
observed and expected feed intake based on average daily gain and backfat (Koch et al., 1963; 
Kennedy et al., 1993).Compared to a random control or HRFI line, LRFI carcasses have less 
(Cai et al., 2008; Lefaucheur et al., 2011; Faure et al., 2013) or a tendency for less backfat (Smith 
et al., 2010; Boddicker et al., 2011).With divergent selection, LRFI animals had decreased pH 
and generally poorer meat quality than HRFI pigs (Gilbert et al, 2007). Water holding capacity 
(Lefaucheur et al., 2011) and sensory quality (Faure et al., 2013) have been negatively affected 
by selection for LRFI. This disagrees with generation five Iowa State University (ISU) results 
where LRFI carcasses had a lower percent lipid and higher percent moisture in the LM when 
compared to a random control line (Smith et al., 2011).  
 
Diets low in energy produce leaner pigs (Apple et al, 2004; Beaulieu et al., 2009), and 
those high in fiber have been found to increase adipose tissue iodine value (Benz et al., 2010; 
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Leick et al., 2010; Xu et al., 2010a, b; McClelland et al., 2012).  Since current RFI lines have 
been selected on generally higher energy diets (Boddicker et al., 2011), questions have been 
posed about the impact of diet energy content and fiber level on meat quality and carcass 
composition. Thus, the objective of this study was to determine the impact of a low fiber, high 
energy diet versus a high fiber, low energy diet on meat quality and carcass composition traits of 
pigs divergently selected for high or low RFI. It is hypothesized line and diet will impact 
composition traits, yet minimally impact quality. 
 
Materials and Methods 
 All procedures involving live animals were approved by the Iowa State University 
Animal Care and Use Committee (IACUC #11-1-4996S). 
 
Experiment one - carcass composition of pigs fed in a commercial setting. 
The aim of this experiment was to determine the effect of low or high energy diets on the 
carcass composition of RFI animals fed in a commercial setting.  Barrows (n=90) and gilts 
(n=87) of the 8th generation of the ISU RFI selection project were utilized (Cai et al., 2008).  
These animals, LRFI (n=88) and HRFI (n=89), were from two divergent lines (LRFI selected 
from nine generations and HRFI randomly selected for five generations and then selected for 
increase RFI). Pigs were randomly assigned to eight mixed line and sex finishing pens at 86 ± 5 
d of age and 31.7 ± 5.8 kg of body weight.  Pigs had ad libitum access to feed water throughout 
the experimental growth period. Four pens were placed on a high energy low fiber (HELF; n=88) 
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diet and four pens on a low energy high fiber (LEHF; n=89) diet as described in Table 1.  The 
selection of high fiber content to lower dietary energy concentration reflected the general trend in 
the U.S. pig industry to feed lower energy diets that are higher in fiber.  Diets were intentionally 
formulated to represent an extreme difference in energy.  Off-test live weight data were collected 
prior to pigs leaving the farm to be slaughtered in one of three slaughter groups.  For the first two 
slaughter groups animals weighing approximately 118 kg or greater were selected with the 
remaining pigs in the barn slaughtered in group three.  Pigs were slaughtered in a commercial 
slaughter facility, approximately 150 km from the farm.  Harvest occurred in three groups over 
an eight week period (February – April) with mean body weight for these animals in each 
slaughter group 121.5 ± 7.2 kg at 241 ± 7 d of age.  Pigs were rendered insensible by the use of 
carbon dioxide stunning.  Composition data collected in plant included HCW and fat depth and 
LM depth using a Fat-O-Meat’er probe (SFK Technology A/S. Herlev, Denmark) collected at 
the 3
rd
/4
th
 last rib eight cm off the midline.  Percent lean was calculated as: 58.86 – [fat depth 
(mm) x 0.61] + [loin depth (mm) x 0.12] (Smith et al., 2011). 
 
Statistical analysis 
Data were analyzed according to ANCOVA using the MIXED procedure in SAS (v. 9.3, 
SAS Institute Inc., Cary, NC).  The model included fixed effects of line, diet, sex, significant 
interactions between line, diet, and sex, (all were tested and left in the model only if significant, 
with the exception of line by diet which was always included in the model), random effects 
included of slaughter group, pen, litter, and sire, and covariate of off-test live weight for all 
carcass composition traits except live weight itself. 
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Experiment two – carcass composition, meat and adipose tissue quality of pigs fed on 
electronic one space feeders over two generations. 
The goal of this experiment was to determine the impact of low or high fiber diets on 
meat and adipose tissue quality and carcass composition traits of pigs divergently selected for 
high or low RFI.  Pigs of both the eighth and ninth generation of the Iowa State University RFI 
selection project were utilized for a total of 315 animals (Table 1).  For each generation six pens 
were placed on a high energy low fiber (HELF) diet and six pens on a low energy high fiber 
(LEHF) diet (Table 1).  Mean on-test ages and weights were 89.3 ± 3.9 days at 35.8 ± 4.8 kg and 
107.2 ± 8.3 days at 42.6 ± 7.0 kg for generations eight and nine, respectively.   As a strategy for 
dust management, diets in generation nine had one percent of corn replaced with oil on an as-fed 
basis; since the diets were already formulated  to contain excess amino acids and other nutrients, 
no other adjustments were made.  As described by Cai et al. (2008), individual feed intake data 
were recorded with electronic 1-space feeders (Feed intake recording equipment (FIRE), 
Osborne Industries Inc., Osborne, KS).  For the first two slaughter groups in generation eight and 
the first slaughter group in generation nine animals weighing approximately 118 kg or greater 
were selected with the remaining pigs in the barn slaughtered in the final group.  Pigs were 
harvested as described above.  In generation eight harvests occurred in three groups over an eight 
week period (February – April) and in generation nine occurred in two groups over at five week 
period (June – July).  Mean off-test ages were 239.4 ± 19.8 days (122.5 ± 8.0 kg) and 227.2 ± 
14.5 days (18.4 ± 8.0 kg) for generations eight and nine, respectively.  However, in generation 
nine only, approximately 2.54 cm in diameter adipose tissue cores were removed over the clear 
plate on the right side of the carcass and sealed in re-sealable zipper storage bags immediately 
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after carcasses left the slaughter floor. Loins were removed from the left side of the carcass 24 
hours postmortem, de-boned, trimmed to 1/8 inch fat depth, vacuum packaged and transported to 
the ISU Meat Laboratory. 
 
Sampling 
 Loins were cut into 8-2.54 cm and 3-0.85 cm chops for quality analyses at the ISU Meat 
Laboratory 48 hours after harvest (Figure 1).  Approximately 12.7 cm were removed and 
discarded from the anterior end of the boneless loin prior to cutting chops.  In order to minimize 
location effects chops were cut and assigned to their specific assay in the same order every time 
(Figure 1).  Proximate composition samples were homogenized and frozen on day two 
postmortem.  Desmin, sensory, and star probe samples were sealed in vacuum package bags and 
held at 0º C in vacuum packaging until freezing at -20° C.  Samples for desmin analysis were 
frozen on day two, five, and seven.  Additionally, on day seven all sensory and star probe 
samples were frozen.  Adipose tissue samples, in re-sealable zipper storage bags, were held at 4 
degrees C until day 2 postmortem, when they were frozen at -20 degrees C. 
 
Meat quality  
Chops cut to 2.54 cm thickness were used for meat quality determination.  The ultimate 
pH of each loin was determined by the average of three measurements on one chop 48 h 
postmortem.  A Hanna 9025 pH/ORP meter (Hanna Instruments, Woonsocket, RI) with a 
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penetration probe was used to take measurements.  Calibration was checked every 5 chops with 2 
chilled calibration buffers (4.20 and 7.10; Fisher Scientific, Hampton, New Hampshire).  
 
 To determine protein, moisture, and intramuscular lipid content, chops were trimmed of 
subcutaneous adipose tissue and homogenized (AOAC, 1990).  Lean and adipose tissue color 
were determined by CIE L*, a*, b* using a calibrated Hunter Labscan XE colorimeter (Hunter 
Association Laboratories Inc., Reston, VA).  A D75 light source with a 10º observer was used 
with a 1.27-cm aperture for lean measures and a 1.0-cm aperture for adipose measures.  On 2 
chops, 3 readings each were taken and averaged to determine lean color.  Three readings of the 
adipose tissue were taken on the exterior surface of the adipose tissue core.  Additionally, 
subjective scores for marbling (National Pork Board standards 10-point scale, 1 = 1.0% IMF; 10 
= 10.0% IMF), color (National Pork Board Standards 6-point scale, 1 = pale pinkish gray to 
white; 6 = dark purplish red), and firmness (National Pork Board Standards 3-point scale, 1 = 
soft; 3 = very firm) were recorded. 
 
 Drip loss was determined on 2-2.54 cm thick chops per animal 3 d postmortem using the 
method of Lonergan et al. (2001).  Briefly, chops were blotted dry, weighed, and placed in a 
sealed plastic bag held for 24 h at 4ºC.  After 24 h, the chops were removed from the bag, blotted 
dry and re-weighed.  Drip loss was calculated as the percentage of the original weight of the 
chop: [(initial weight – final weight) / initial weight] x 100.  The values of the two chops were 
averaged to determine the loss.  Cook loss was measured on chops used for sensory analysis.  
Prior to cooking, raw weight was recorded on the chop used for sensory.  The chop was then 
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cooked to an internal degree of doneness of 68º C and re-weighed.  Cook loss (the percentage of 
cooked weight to raw weight) was calculated as: [(raw weight – cooked weight) / raw weight] x 
100. 
 
Sensory and star probe evaluation 
 Sensory evaluation was conducted on two chops per loin.  These pork chops were aged 
for 7 d in vacuum packaged bags at 0° C prior to being frozen at -20° C for later sensory 
evaluation; chops were frozen for no longer than 8 weeks.  Chops were then thawed at 4º C for 
48 h, and cooked on clamshell grills to an internal temperature of 68º C.  Individual chop 
temperatures were monitored using thermocouples (Omega Engineering Inc., Stamford, CT).  
Cubes were cut from the center of each chop.  A trained sensory panel (n=8) evaluated samples 
for juiciness, tenderness, chewiness, pork flavor, and off-flavor.  A 15 unit unanchored scale was 
used with terms which represented a low degree of juiciness, chewiness, tenderness, pork flavor, 
and off-flavor on the left end of the line and a high amount of each of these respective traits on 
the right end.  Sensory data was collected using a computerized sensory software system 
(Compusense five 5.4, Compusense, Inc., Guelph, Ontario, Canada).  Boneless chops for star 
probe value determination were cooked using the same methods as sensory evaluation; however 
after cooking they were allowed to cool to room temperature.  Star probe estimates texture by 
compressing a sample to 80% of its height using a circular, 5-pointed star probe (Lonergan et al., 
2002).  This probe measures 9 mm in diameter with 6 mm between each of the 5 points, and is 
attached to an Instron Universal Testing Machine (model 5566, Instron, Norwood, MA).  One 
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chop from each animal was punctured 3 times at a crosshead speed of 3.3 mm/second.  These 
values were averaged to determine an overall value for each chop (Lonergan et al., 2002).  
 
Iodine value determination 
 Iodine values were analyzed only in generation nine.  Adipose tissue cores were collected 
over the clear plate, in order to obtain all three layers of adipose tissue.  A 0.1 to 0.25 gram core 
was taken from this sample and extracted using the method of Lepage and Roy (1986).  Frozen 
samples were weighed in a 15 mL Pyrex Teflon screw capped tube and 2.5 mL of a 4:1 
methanol-hexane solution was added.  Slowly, 200 μl of acetyl chloride were added while the 
sample was vortexed.  After the inclusion of 50 μl C:17 solution to the tube, the sample was 
placed in a dry heat bath at 100º C for 1 hour and vortexed every 10 minutes.  After completion 
of heating, the samples were allowed to cool to room temperature and 5 mL of 6% potassium 
carbonate were added to neutralize the reaction.  An additional 1 mL of hexane was added and 
tubes were vigorously vortexed.  Samples were then centrifuged at 1350 x g for 20 minutes and 
the upper hexane phase was removed and placed in a small vial to be stored at -20º C until use.  
Determination of fatty acid methyl ester peaks was accomplished by Gas Chromatography (GC; 
Varian 3900, Varian CP-8400 auto sampler, and Varian Star Chromatography Workstation 
version 6.41 software, Varian Inc., Walnut Creek, CA) equipped with a 60 m capillary column 
(Agilent Technologies Inc DB-23, 60 m x 0.25 mm, 0.5 micron, Walnut Creek, CA) with helium 
as a carrier gas at a flow rate of 2 ml/min (Split ratio of 100), and an injector set at 240° C (type 
1177).  Oven temperature was maintained at 50° C for 1 minute and then increased at a rate of 
25° C per minute to 175 °C followed by an increase of 4 degrees per minute to a temperature of 
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230° C with an 8 minute hold time.  A flame ion detector was used set at a temperature of 240° 
C.  Identification of peaks was achieved by purified standards GLC 68D (Nu Chek Prep, Inc. 
Elysian, MN) and Superlco 37 Component FAME Mix.  Iodine value (IV) was calculated as IV 
= % C16:1 * (0.9976) + % C18:1 * (0.8985) + % C18:2 * (1.8099) + % C18:3 * (2.7345) + % 
C20:1*  (0.8173) + % C20:4 * (3.3343) + % C20:5 * (4.1956) + % C22:1*  (0.7496) + % C22:5 
* (3.8395) + % C22:6 * (4.6358) (AOCS, 1998). 
 
SDS PAGE and immunoblotting 
Boneless LM chops aged to 2, 5, and 7 days postmortem were used for SDS-PAGE and 
immunoblotting.  Chops were trimmed of external fat, frozen in liquid nitrogen and then ground 
to a powder following the procedure of Lonergan et al. (2001).  The protein concentration of 
samples were determined using a modified Lowry assay with premixed reagents (DC protein 
assay, Bio-Red Laboratories, Hercules, CA), and final SDS-PAGE sample preparation at a 
concentration of 4 mg/ml was completed following the methods of Huff-Lonergan et al. (1996).  
Using 10% acrylamide SDS-PAGE gels (100:1 acrylamide to bis-acrylamide ratio), desmin 
degradation was determined on days 2, 5, and 7 postmortem as previously described by Melody 
et al. (2004). Lanes were loaded with 40μL of sample. Blots were incubated at 4º C overnight in 
a polyclonal rabbit anti-desmin antibody (Huff-Lonergan et al., 1996) diluted 1:40,000 with PBS 
containing 0.1% Tween (PBS-Tween).  Blots were then incubated with a secondary goat anti-
rabbit-HRP IgG antibody diluted at 1:20,000 (31460, Pierce Antibody, Rockford, IL).  Protein 
bands were detected using a chemiluminescent detection kit (ECL Prime, GE Healthcare, 
Piscataway, NJ).  Density of immunoreactive desmin bands was quantified by densitometry 
using ChemiImager 5500 (Alpha Innotech, San Leandeo, CA) and Alpha Ease FC (v. 2.03, 
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Alpha Innotech).  The ratio of the amount of degraded desmin (38 kDa band) was calculated as 
the ratio of the immunoreactive desmin degradation band of each sample to the intensity of a 
reference sample’s desmin immunoreactive degradation band, loaded on every gel.  Longissimus 
muscle, aged 7 days, from a generation eight HRFI animal not used in this study was used as the 
reference. 
 
Statistical analysis 
Data were analyzed using MIXED procedure in SAS (v. 9.3, SAS Institute Inc., Cary, NC).  The 
model included fixed effects of line, diet, sex, generation (with the exception of adipose tissue 
traits), line by diet, interactions of line by sex, sex by diet, and line by sex by diet were tested and 
left in the model if significant; random effects included slaughter group, pen, litter, sire, and 
sensory day (for sensory traits, star probe, and cook loss).  Off-test live weight was fit as a 
covariate for all traits except live weight itself.   
 
Results and Discussion 
Continued emphasis by the pork industry on profitability has yielded larger animals, 
improved feed efficiency, and leaner carcasses.  However, improved growth and composition 
characteristics have often come at the cost of quality (Schwab et al., 2006).  Multi-generational 
research with Durocs revealed that selection for lean growth efficiency resulted in improved 
carcass composition, but may compromise pork quality (Lonergan et al., 2001). Experiments at 
Institut National de la Recherche Agronomique (INRA) RFI lines, concluded that selection 
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resulted in poorer meat quality in the LRFI line (Gilbert et al., 2007; Lefaucheur et al., 2011; 
Faure et al., 2013) when compared to a divergently selected HRFI line. What remains unclear is 
the extent to which modern selection practices will affect pork composition and quality as we 
progress forward in an industry in which lower energy diets are becoming more common.   To 
answer this, two experiments were so as to both evaluate line by diet interactions in two different 
feeding scenarios, as well as, increase the number of animals to be evaluated for composition 
differences in each line by diet combination.  Experiment one focused on carcass composition 
only, whereas experiment two focused on carcass composition and meat and adipose tissue 
quality.  
 
Carcass composition. Selection for LRFI, evaluated in group pens in Experiment one, 
resulted in carcasses with decreased fat depth and greater loin depth, with consequently greater 
calculated percent lean (P<0.01; Table 3).  This is consistent with results of previous experiments 
(Gilbert et al., 2007; Cai et al., 2008; Boddicker et al., 2011; Lefaucheur et al., 2011; Smith et al., 
2011; Faure et al., 2013).  Animals fed the HELF diet had (P<0.01) greater off-test live weight, 
and carcasses with a greater (P<0.01) HCW, fat depth, a lower percent lean, and tended to have a 
greater loin depth (P=0.07; Table 3).  Apple et al. (2004) reported similar results in pigs fed 
differing energy levels (3.30 vs. 3.48 Mcal ME/Kg ME), concluding increased dietary energy 
resulted in increased fat depth over the 10
th
 rib and last lumbar vertebrae, contributing to a lower 
predicted fat-free lean yield.  However, both Apple et al. (2004) and Hinson et al. (2011) report 
no difference in LM area.  As dietary DE increased from 3.09 to 3.57 Mcal DE/kg, increased 
backfat and decreased lean yield was found when pigs were fed to a constant harvest weight 
(Beaulieu et al., 2009). 
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 Similar to experiment one, pigs fed the HELF achieved an increased (P<0.05) off-test 
live weight, and carcasses with increased hot carcass weight, fat depth, and loin depth, but 
reduced percent lean (Table 3).  This confirms previous work in pigs which found increased 
energy intake resulted in increased protein accretion and lower energy intake produced leaner 
animals (Pettigrew and Esnaola, 2001).  Furthermore, LRFI animals fed the HELF diet had the 
greatest off-test live weight (<0.05) and  yielded carcasses with greater loin depth when 
compared to all other line by diet combinations (P<0.05; Table 4). Carcass from LRFI gilts had a 
lower hot carcass weight (P=0.01), fat depth (P<0.05), and greater calculated percent lean 
(P=0.06) than barrows.  This was expected as gilts are known to be heavier muscled and leaner 
than barrows (Latorre et al., 2003; Serrano et al., 2009). 
 
Meat quality.  It is established that pH and pork color differences exist in a variety of 
muscles from pigs of the INRA selection project at 24 h postmortem.  Animals of the LRFI line 
had loins with lower pH and lesser L*, a*, and b* values than loins from a divergently selected 
HRFI line (Gilbert et al., 2007; Lefaucheur et al., 2011; Faure et al., 2013).  However in 
generations four and five of the ISU RFI project, no differences were found in pH (Cai et al., 
2008; Smith et al., 2011) or LM color at 48 h postmortem (Smith et al., 2011) when loins from 
LRFI pigs were compared to those from a randomly selected control line.  Current data indicate 
no difference in pH or LM L* values between chops of differing lines (P>0.05) yet, greater LM 
a* and b* values were found in the loins of HRFI animals.  Thus chops of HRFI animals were 
more red and yellow in color, contributing to a greater (P<0.01) color score in loins of the HRFI 
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line.  With increased fat depth differences in experiment one and line by sex interactions in 
experiment two, it is not surprising to find greater marbling scores (P<0.01) and percent lipid 
proximate analysis values that were greater (P<0.01) in loins from the HRFI line. Loin moisture 
content was greater in the LRFI line, which is consistent with results from generation five (Smith 
et al., 2011).  Decreased loin moisture content in loins of the HRFI line was likely a result of the 
increased drip loss (P<0.01).    
 
Greater drip loss (P<0.01) and a tendency for greater cook loss (P=0.10) in loin chops 
from HRFI animals (Table 5) may be the contributing factor in the LRFI loin samples being 
rated as more juicy by a trained sensory panel than HRFI loin samples (P<0.05; Table 6).   This 
differs from the sixth generation of INRA divergent selection and fifth generation ISU selection. 
Generation five ISU results concluded there was no difference in juiciness or drip loss; however 
a greater percent centrifugation loss was reported for the loins of the randomly selected control 
line when compared loins of animals from the LRFI line (Smith et al., 2011).  INRA reported a 
tendency for chops from LRFI animals to have decreased juiciness when compared to chops 
from HRFI animals (Faure et al., 2013).   Results of Faure et al. (2013), who observed pH 
differences between lines, could be due to increased marbling in loins of the HRFI line, as 
marbling has been shown to affect juiciness (Devol et al., 1988; Hodgson et al., 1991; Fernandez 
et al., 1999; Brewer et al., 2001; Cannata et al., 2010).  However, at a similar pH range, such as 
in this study, lipid has been found to have little effect on sensory juiciness difference (Lonergan 
et al., 2007; Rincker et al., 2008). 
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Animals fed the HELF diet had loins with greater adipose tissue (P<0.01) and LM 
(P<0.05) L* values.  Although Leick et al. (2010) reported no difference (P=0.08) in adipose 
tissue L* values of bellies when including increasing level of DDGS as a fiber source, it was 
noted that a change in L* would be expected.  The increased unsaturated fatty acids, as a result 
of feeding a high fiber diet or DDGS, would result in a darker color when high amounts of fiber 
are included in the diet (Leick et al., 2010). However, the increase in L* values in loins from 
animals fed low amounts of fiber was unexpected since previous studies using DDGS as a fiber 
source reporting no differences in color due to increased fiber inclusion (Whitney et al., 2006; 
Leick et al., 2010).  Chops from animals fed the LEHF diet had greater percent moisture 
(P<0.01).  This is consistent with the tendency for decreased drip loss in LM of animals fed the 
LEHF diet when compared to the HELF diet.  Chops from LRFI animals on the LEHF diet had 
less firm chops than all other line by diet combinations (P<0.05).  Diet did not uniformly impact 
firmness scores of loins between lines (P<0.05; Table 4).  
 
Sex played a significant role in tenderness attributes; chops from gilts were found to be 
less tender (P<0.05) and were higher in star probe values (P<0.05) than chops from barrows.  
This agrees with previous studies that have determined barrows produce more tender LM chops 
than gilts though the use of sensory panels (Ramsey et al., 1973; Nold et al., 1997).  Loins from 
barrows on the HELF diet tended to be more tender than loins from gilts fed the LEHF diet, as 
determined by star probe (P=0.07); this may be due to both dietary energy and sex differences.  
Pigs with reduced dietary energy intake have chops which have been found to be less tender and 
palatable than chops from those animals fed a higher energy diet, possibly due to differences in 
fat accretion levels of animals on the differing diets (Thornton et al., 1968).  Chops from barrows 
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had a greater proximate analysis percent lipid (P<0.01) and lower color score and LM a* values 
(P<0.05).  The greater lipid content, of 0.26%, found in loins from barrows (P<0.01) agrees with 
marbling differences (P<0.05), and is in line with carcass composition data where barrows were 
found to have significantly greater backfat depth than gilts (P<0.01).  Although not a perfect 
relationship, due to genetics and other environmental factors, it can be expected that increased fat 
depth results in increased intramuscular fat.  Sex did not have an effect on technical meat quality 
across lines, yet within the LRFI line loins from gilts had lower LM b* values (P<0.01), and 
tended to have greater LM a* values (P=0.06) and percent protein values (P=0.10) than loins 
from barrows of the LRFI line.  Barrows within the HRFI line had adipose tissue with had 
greater  a* values (P<0.01) and lower L* values (P<0.05) than adipose tissue from gilts of the 
same line.   
 
Desmin degradation. Cruzen et al. (2013) concluded that selection from increased 
efficiency through LRFI came with the unintended result of reduced protein turnover in the live 
animal and decreased postmortem protein degradation. While no line, diet, or sex differences in 
proteolysis of desmin were detected in the 55kDa band (Table 4 and 6), consistent with Smith et 
al. (2011), differences were detected in the density of the 38 kDa desmin degradation band.  At 
two days postmortem LRFI animals fed the LEHF diet had greater degradation in the LM than 
LRFI animals on the HELF diet (P<0.01).  Five days postmortem, loin chops from HRFI animals 
had greater degradation (P=0.05) than LRFI animals.  A tendency for reduced μ-calpain in 
generation eight (Cruzen et al., 2013) coupled with increased calpastatin in the LRFI line of 
generations five and eight (Smith et al., 2011; Cruzen et al., 2013) could contribute to this 
degradation difference.  Chops from barrows tended (P=0.10) to display greater 38 kDa desmin 
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degradation product than those from gilts in chops aged 5 days postmortem.  Loins from barrows 
fed the LEHF diet displayed greater degradation than loins from barrows of the HRFI line 
(P<0.01) and barrows of the LRFI line tended to show greater degradation than gilts of the same 
line at five days postmortem (P=0.06). 
 
Fatty acid profile. The fatty acid profile of a diet can have a large impact on final fatty 
acid methyl ester (FAME) profile (Pettigrew and Esnaola, 2001; Wood et al., 2008) and iodine 
value (IV) of pork adipose tissue, as found in the use of DDGS as a fiber source in swine diets 
(Benz et al., 2010; Leick et al., 2010; Xu et al., 2010a, b; McClelland et al., 2012).  Diet greatly 
impacted FAME profile of adipose tissue from generation nine animals (Table 4 and 7), resulting 
in a greater IV in the lipid of animals fed the LEHF diet (P<0.01).  Besides varying fatty acid 
profiles in the diet, the energy reduction in the LEHF line may be contributing to the increase IV.  
Reduction of energy in a swine diet reduces the amount of energy for the pig and consequently 
the amount of fatty acids synthesized (Pettigrew and Esnaola, 2001).  In energy restricted 
animals this leads to a shift from the production of endogenous fatty acids to the use of fatty 
acids supplied in the diet, usually producing an animal with a greater amount of unsaturated fatty 
acids in their adipose tissue (Pettigrew and Esnaola, 2001).  Due to the greater IV found in 
adipose tissue of loins from animals fed the LEHF, carcasses from these animals will have softer, 
poorer quality fat than those fed a HELF diet. 
 
Line had little effect on the fatty acid methyl ester profile (Table 4 and 7). Sex did not 
affect FAME profile and IV in the same manner across diet or line.  Adipose tissue samples from 
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barrows fed the HELF diet had a lower IV (P<0.05) and tended to have a greater percentage of 
C18:0 (P=0.08).  Within the LRFI line, differences in the fatty acid profile of sexes resulted in 
greater IV in adipose tissue from gilts (P<0.05) than in adipose tissue from barrows.  Adipose 
tissue from gilts had greater IV than adipose tissue from barrows (P=0.06).  This agrees with 
work in backfat (Averette Gatlin et al., 2002; Jacela et al., 2011), belly (Correa et al., 2008; Benz 
et al., 2010; Jacela et al., 2011; Lee et al., 2013) and jowl (Jacela et al., 2011) adipose tissue.   
 
Conclusions 
 Selection for LRFI yielded leaner, heavier muscled carcasses in experiment one, where 
pigs were fed in a commercial setting.  In experiment two where animals were fed on FIRE 
feeders, carcasses from HELF fed LRFI pigs were heavier muscled when compared to all other 
line by diet combinations, and carcasses from LRFI gilts had a greater calculated percent lean 
than LRFI barrows.  Unlike generation five ISU RFI selection project results, chops from LRFI 
animals were juicier and had less drip loss, while those from HRFI animals had greater percent 
lipid, color and marbling scores scores, and LM a* values.  It is unlikely marbling and color 
scores and sensory juiciness differences are numerically large enough to be perceived by the 
untrained consumer.   Divergent selection of HRFI animals since generation five of ISU work 
has contributed to the discrepancy in results from generation five. 
 
 Regardless of animal efficiency, low energy, high fiber diets impacted all pigs in the 
same manner.  Animals fed the LEHF diet were leaner and had poorer adipose tissue quality than 
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those animals fed the HELF diet.  Specifically, animals on the LEHF diet had adipose tissue 
which was darker in color and had a higher IV.  
 
Implications 
 Selection for improved feed efficiency, using RFI index as the selection tool, has 
impacted meat quality.  Although the decreased marbling and color scores in loins of LRFI pigs 
are not large enough to be detected by consumers on the shelf, continued selection may lead to 
visible differences.   However, selection for LRFI has resulted in animals with loins that have 
greater water holding capacity and sensory juiciness, than those from HRFI animals.  Overall, 
selection for efficiency in the ISU RFI line has led to leaner, heavier muscled carcasses; 
however, barrows and gilts have responded somewhat differently to these selection practices. 
Within the efficient, LRFI line barrows had carcasses which were heavier and greater fat depth, 
while carcasses from gilts had a greater percent lean.  Feeding a low energy, high fiber diet 
resulted in leaner carcasses with darker adipose tissue color and greater iodine value. 
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Figure 1. Schematic of the cutting of the loin and the order in which chops were cut. Chops 1-9 
were cut 2.54 cm thick; chops 9-11 were cut 0.85 cm thick. 
  
1 Color/Drip Loss 
2 Color/Drip Loss 
3 Star Probe 
4 Sensory 
5 Sensory 
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11 Desmin Day Seven 
Anterior 1 11 Posterior 
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Figure 2.  Desmin degradation was calculated as the ratio of the amount of both intact 
desmin (55 kDa band) and degraded desmin (38 kDa band) as the ratio of the desmin 
immunoreactive degradation band of each sample to the intensity of a reference sample’s 
respective desmin immunoreactive intact or degradation band, loaded on every gel.  Ratios for 
this western blot are given for reference. 
 
 
 
Lane Number Intact Ratio Degraded Ratio 
1 1.0 1.0 
2 1.48 0.80 
3 1.18 0.80 
4 0.49 1.10 
5 1.95 0.87 
6 2.80 0.39 
7 2.25 0.28 
8 1.59 0.67 
9 0.88 0.77 
Samples from test loins 
R
eferen
ce  
Intact Desmin 
38 kDa  
Degradation Band 
Lane Number 1 2 3 4 5 6 7 8 9 
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Table 1. Diets fed to Generation 8 Parity 2 animals.  
 Phase 1
1 
Phase 2
2 
Phase 3
3
 
Item HELF
4
 LEHF
5
 HELF LEHF HELF LEHF 
Ingredient %       
   Corn, yellow dent 73.83 36.39 80.18 42.34 82.42 44.59 
   Soybean Meal, 46.5% 22.90 13.76 16.72 7.99 14.65 5.92 
   Soybean hulls  20.00  20.00  20.00 
   Wheat Middlings, <9.5%  20.00  20.00  20.00 
   Corn bran  7.00  7.00  7.00 
   Lysine HCl 0.25 0.25 0.25 0.25 0.25 0.25 
   DL-methionine 0.04 0.03 0.01 0.01  0.01 
   L-threonine 0.07 0.07 0.05 0.06 0.05 0.05 
   Monocalcium phosphate 1.14 0.83 1.06 0.71 0.97 0.62 
   Limestone 0.98 0.86 0.93 0.83 0.85 0.76 
   Salt 0.50 0.50 0.50 0.50 0.50 0.50 
   ISU Grow-Finish Vitamin        
Premix
6
 
0.15 0.15 0.15 0.15 0.15 0.15 
   ISU Trace Mineral Premix
7 
0.15 0.15 0.15 0.15 0.15 0.15 
Calculated Composition       
   ME, Mcal/Kg 3.31 2.86 3.32 2.87 3.33 2.88 
   NE, Mcal/Kg 2.42 1.99 2.47 2.03 2.49 2.05 
   ADF, % 3.5 12.5 3.3 12.3 3.2 12.2 
   NDF, % 9.4 25.9 9.4 25.9 9.4 25.9 
   Crude Fiber, % 2.7 10.6 2.6 10.5 2.5 10.4 
   Crude Protein, % 17.1 16.0 14.7 13.8 13.9 13.0 
   Crude Fat, % 3.6 3.5 3.6 3.5 3.7 3.5 
   Lysine, % 0.95 0.84 0.80 0.70 0.75 0.65 
   Methionine and cysteine, % 0.55 0.49 0.47 0.44 0.44 0.39 
   Threonine, % 0.60 0.53 0.50 0.42 0.47 0.41 
   Tryptophan, % 0.17 0.15 0.14 0.13 0.12 0.11 
1
 Fed to pigs from a weight of 30 to 60 kg                                                                                                                                                    
2 
Fed to pigs from a weight of 60 to 90 kg                                                                                                                                                      
3 
 Fed to pigs from a weight of 90 kg to harvest                                                                                                                                               
4 
High Energy Low Fiber Diet                                                                                                                                                                       
5
 Low Energy High Fiber Diet.      
6 
Provided per kg of complete diet: 459,375 IU Vitamin A, 52,500 IU Vitamin D, 3,750 IU 
Vitamin E, 225 mg Vitamin K, 825 mg Riboflavin, 4,200 mg Niacin, 2,025 mg Pantothenic acid, 
3.75 mg Vitamin B12. 
7 Provided per kg of complete diet: 900 mg Copper, 21 mg Iodine, 12,000 mg of Iron, 675 mg 
Manganese, 22.5 mg Selenium, 12,000 mg Zinc.                                                                                                                                                                      
                                                                                                                                                                                                                                                                                                                       
                        
                                                                                                                                                                                                                                                                                                                                     
 
  
 
 
 
 
Table 2. Numbers and characteristics of pigs from generations eight and nine placed on the FIRE
1
 feeding system. 
 LRFI
2
 
Barrows 
HELF
4 
LRFI
 
Barrows
 
LEHF
5 
LRFI 
Gilts 
HELF 
LRFI 
Gilts 
LEHF 
HRFI
2
 
Barrows 
HELF 
HRFI 
Barrows 
LEHF 
HRFI 
Gilts 
HELF 
HRFI 
Gilts 
LEHF 
Total 
Generation 
8
6 
23 17 18 20 22 21 18 19 158 
Generation 
9
6 
23 20 19 21 19 14 20 21 157 
Total 46 37 37 41 41 35 38 40 315 
1 
Electronic 1-space feeders (FIRE, Osborne Industries Inc., Osborne, KS). 
2
 Low Residual Feed Intake (RFI). 
3
 High RFI. 
4 
High Energy Low Fiber diet. 
5 
Low Energy High Fiber diet. 
6 
Parity two animals from their respective generations. 
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Table 3. Effect of selection of divergent residual feed intake (RFI), diets differing in fiber and energy content and sex on carcass 
composition traits of generation eight pigs fed on traditional commercial feeders and FIRE
1
 feeders. Effect of generation of 
composition traits was evaluated for FIRE feeder fed pigs only.  
1 
Electronic 1-space feeders (FIRE, Osborne Industries Inc., Osborne, KS) 
Trait LRFI
2
 HRFI
3
 P-
value 
HELF
4
 LEHF
5 
P- 
value 
Barrow Gilt P-
value 
Gen  
8
6 
Gen 
9
6 
P-
value 
Traditional Commercial Feeder Fed Pigs (Experiment 1)    
Off-test live 
weight, Kg 
121.5
7 
(0.9)
8 
121.4 
(0.9) 
0.94 123.7 
(0.8) 
119.1 
(0.8) 
<0.0001 122.4 
(0.8) 
120.4 
(0.8) 
0.06  -
11
   -   -  
HCW, Kg 94.5 
(1.4) 
93.9 
(1.4) 
0.31 96.15 
(1.4) 
92.3 
(1.4) 
<0.0001 94.3 
(1.4) 
94.2 
(1.4) 
0.90  -   -   -  
Fat depth, 
mm
9 
17.1 
(1.1) 
22.2 
(1.0) 
<0.01 21.4 
(0.9) 
17.9 
(0.9) 
<0.0001 20.4 
(0.8) 
18.9 
(0.9) 
<0.01 - - - 
Loin depth, 
mm
9 
61.5 
(2.0) 
58.3 
(2.0) 
<0.01 60.8 
(2.0) 
59.0 
(2.0) 
0.07 58.8 
(2.0) 
61.0 
(2.0) 
<0.01 - - - 
Percent lean, 
%
10
 
55.6 
(0.7) 
52.2 
(0.7) 
<0.01 53.1 
(0.6) 
54.7 
(0.6) 
<0.0001 53.4 
(0.6) 
54.4 
(0.6) 
<0.01 - - - 
FIRE
1
 Feeder Fed Pigs (Experiment 2) 
Off-test live 
weight, Kg 
125.8
5 
(0.8)
6
 
125.2 
(0.8) 
0.52 127.8 
(0.9) 
123.3 
(0.9) 
<0.01 126.7 
(0.8) 
124.4 
(0.8) 
<0.01 122.6 
(0.9) 
128.4 
(0.9) 
<0.01 
HCW, Kg 94.4 
(0.6) 
94.0 
(0.6) 
0.34 96.9 
(0.6) 
91.5 
(0.7) 
<0.0001 94.5 
(0.6) 
93.9 
(0.6) 
0.26 96.8 
(0.8) 
91.6 
(0.9) 
<0.05 
Fat depth, 
mm
9 
19.8 
(0.6) 
20.7 
(0.6) 
0.25 21.6 
(0.6) 
18.9 
(0.6) 
<0.01 20.6 
(0.5) 
19.9 
(0.5) 
0.20 20.3 
(0.6) 
20.2 
(0.7) 
0.97 
Loin depth, 
mm
9
 
59.9 
(0.7) 
58.5 
(0.7) 
0.09 60.4 
(0.7) 
58.0 
(0.8) 
<0.05 58.4 
(0.7) 
59.9 
(0.7) 
<0.05 58.8 
(0.8) 
59.5 
(0.9) 
0.56 
Percent lean, 
%
10
 
53.96 
(0.40) 
53.25 
(0.40) 
0.21 52.93 
(0.35) 
54.28 
(0.36) 
<0.01 53.30 
(0.36) 
53.91 
(0.34) 
0.09 53.53 
(0.40) 
53.68 
(0.44) 
0.81 
9
5
 
 
 
 
 
2 
Low RFI.                                                                                                                                                                                                       
3
 High RFI.                                                                                                                                                                                                      
4 
High Energy Low Fiber Diet.
                                                                                                                                                                                                                                                          
5 
Low Energy High Fiber Diet.
    
6
 Parity two of the respective generation.  
    
7
 Least square means shown for each trait.                                                                                                                                                      
8 
(SE) shown for each trait.
  
9
As measured by use of a Fat-O-Meater probe.
     
10
Calculated as 58.86 - [fat depth (mm) x 0.61] +
 
[loin depth (mm) x 0.12].
  
11
 Comparison not conducted, all animals fed on the traditional commercial feeders were in generation eight.
                                                                                                                                                                                                      
9
6
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Table 4. Effect of the interaction of line and diet on carcass composition, technical meat quality, 
desmin degradation, and fatty acid composition traits of generation eight and nine pigs fed on 
FIRE
1
 feeders. 
Trait LRFI
2 
HELF
4
 
LRFI
 
LEHF
5
 
HRFI
3 
HELF 
HRFI
 
LEHF 
P-value 
Off-test live 
weight commercial 
fed pigs, Kg 
125.1
6a 
(1.2)
7 
117.8
c 
(1.2) 
122.4
a,b 
(1.1) 
120.4
b,c 
(1.2) 
<0.05 
Off-test live 
weight FIRE fed 
pigs, Kg 
129.3
5a
 
(1.03)
6 
122.4
c
 
(1.08) 
126.3
b
 
(1.06) 
124.2
b,c 
(1.08) 
<0.01 
Loin depth, mm
8 
62.1
a 
(0.90) 
57.7
b 
(0.97) 
58.7
b 
(0.88) 
58.2
b 
(0.93) 
<0.01 
Firmness score
9
 1.48
5a 
(1.28, 
1.71)
6 
1.26
b 
(1.08, 
1.46) 
1.45
a 
(1.25, 
1.67) 
1.42a
 
(1.26, 
1.65) 
<0.05 
LM b*
10 
10.64
c 
(0.29) 
10.83
b,c 
(0.30) 
11.39
a 
(0.29) 
11.16
a,b
 
(0.30) 
0.09 
% Moisture
11
 73.54
a
 
(0.10) 
73.82
b
 
(0.10) 
73.00
c 
(0.10) 
73.53
a 
(0.10) 
0.10 
Desmin 
degradation d 2
12
 
0.75
b 
(0.10) 
1.04
a 
(0.11) 
0.98
a 
(0.10) 
0.86
a,b
 
(0.11) 
<0.01 
C 14:0 0.85
a5 
(0.02)
6
 
0.80
a,b 
(0.02) 
0.78
b
 
(0.02) 
0.82
a,b
 
(0.02) 
<0.05 
C 20:2 0.73 
(0.68, 
0.78) 
0.09 
(0.04, 
0.45) 
0.20 
(0.14, 
0.26) 
0.64 
(0.60, 
0.69) 
0.09 
1
Electronic 1-space feeders (FIRE, Osborne Industries Inc., Osborne, KS) 
2
 Low RFI.                                                                                                                                                                                                       
3
 High RFI.                                                                                                                                                                                                      
4
High Energy Low Fiber Diet.
                                                                                                                                                                                                                                                          
5 
Low Energy High Fiber Diet.
        
 6
 Least square means shown for each trait.                                                                                                                                                      
7
 (SE) shown for each trait.
       
8
As measured by use of a Fat-O-Meater probe.
  
9 
National Pork Board standards, 3-point scale (1 = soft; 3 = very firm). 
9 
38 kDa degradation product was measured. 
10
 CIE L* a* b*, D75 light source, 10° observer, 1.27 cm aperture. 
11
 As determined by proximate composition (AOAC, 1990). 
12 
38 kDa degradation product was measured. 
a-c
 Traits with differing superscripts have a p-value of 
 ≤ 0.05         
                                                                                                                                                                                                   
 
                                                                                                                                                                                                              
 
 
 
 
 
 
Table 5. Effect of selection of divergent residual feed intake (RFI), diets differing in fiber and energy content and sex on technical 
meat quality.  
Trait LRFI
1 
HRFI
2 
P-value HELF
3
 
LEHF
4
 P-value Barrow Gilt P-value 
pH, 48 h 5.64
5 
(5.60, 
5.69)
6 
5.64 
(5.59, 
5.68) 
0.61 5.64 
(5.60, 
5.68) 
5.64 
(5.62, 
5.66) 
1.00 5.65 
(5.61, 
5.69) 
5.63 
(5.59, 
5.68) 
0.11 
Drip loss, %
7 
1.34 
(1.18, 
1.51) 
1.60 
(1.42, 
1.80) 
<0.01 1.57 
(1.39, 
1.78) 
1.36 
(1.19, 
1.56) 
0.09 1.44 
(1.28, 
1.62) 
1.49 
(1.31, 
1.68) 
0.61 
Cook loss, 
%
8 
15.73 
(0.41) 
16.44 
(0.42) 
0.10 15.78 
(0.40) 
16.39 
(0.43) 
0.18 16.07 
(0.38) 
16.10 
(0.40) 
0.93 
Color
9 
2.0 
(0.2) 
2.3 
(0.2) 
<0.0001 2.1 
(0.2) 
2.2 
(0.2) 
0.70 2.2 
(0.2) 
2.1 
(0.2) 
<0.05 
Marbling
10 
1.26 
(1.15, 
1.39) 
1.44 
(1.31, 
1.58) 
<0.05 1.41 
(1.28, 
1.55) 
1.29 
(1.17, 
1.43) 
0.10 1.41 
(1.28, 
1.54) 
1.29 
(1.18, 
1.42) 
<0.05 
Firmness
11 
1.36 
(1.19, 
1.56) 
1.45 
(1.26, 
1.66) 
0.23 1.46 
(1.28, 
1.68) 
1.34 
(1.16, 
1.54) 
0.07 1.43 
(1.25, 
1.64) 
1.36 
(1.19, 
1.56) 
0.13 
LM L*
12 
51.41 
(0.45) 
50.89 
(0.45) 
0.12 51.53 
(0.44) 
50.78 
(0.46) 
<0.05 51.08 
(0.44) 
51.23 
(0.45) 
0.56 
LM a*
12 
2.64 
(0.40) 
3.46 
(0.39) 
<0.0001 2.98 
(0.40) 
3.12 
(0.41) 
0.50 3.20 
(0.39) 
2.89 
(0.40) 
<0.05 
LM b*
12
 10.73 
(0.28) 
11.28 
(0.28) 
<0.01 11.01 
(0.28) 
10.99 
(0.29) 
0.90 11.06 
(0.28) 
10.95 
(0.28) 
0.37 
Adipose L*
13 
80.79 
(0.17) 
80.38 
(0.18) 
0.11 81.18 
(0.18) 
79.99 
(0.18) 
<0.0001 80.45 
(0.18) 
80.72 
(0.18) 
0.31 
Adipose a*
13 
-0.52 
(0.08) 
-0.50 
(0.09) 
0.88 -0.59 
(0.08) 
-0.43 
(0.08) 
0.13 -0.46 
(0.08) 
-0.56 
(0.08) 
0.34 
          
9
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Table 5 (continued). Effect of selection of divergent residual feed intake (RFI), diets differing in fiber and energy content and sex on 
technical meat quality.  
Trait LRFI
1 
HRFI
2 
P-value HELF
3
 
LEHF
4
 P-value Barrow Gilt P-value 
Adipose b*
13 2.30 
(2.36, 
2.25) 
2.29 
(2.35, 
2.23) 
0.69 2.29 
(2.35, 
2.24) 
2.30 
(2.35, 
2.24) 
0.92 2.31 
(2.36, 
2.25) 
2.29 
(2.34, 
2.24) 
0.55 
% Moisture
15
 73.68 
(0.07) 
73.26 
(0.07) 
<0.0001 73.27 
(0.8) 
73.67 
(0.08) 
<0.01 73.40 
(0.07) 
73.54 
(0.07) 
0.06 
% Lipid
15
 1.30 
(1.01, 
1.68) 
1.70 
(1.32, 
2.20) 
<0.01 1.60 
(1.25, 
2.05) 
1.38 
(1.07, 
1.79) 
0.07 1.62 
(1.27, 
2.08) 
1.36 
(1.06, 
1.75) 
<0.01 
% Protein
15
 23.93 
(0.10) 
23.97 
(0.10) 
0.63 23.96 
(0.10) 
23.94 
(0.11) 
0.83 23.83 
(0.10) 
24.06 
(0.10) 
<0.01 
1
 Low RFI.                                                                                                                                                                                                       
2
 High RFI.                                                                                                                                                                                                      
3 
High Energy Low Fiber Diet.
                                                                                                                                                                                                                                                          
4 
Low Energy High Fiber Diet.
        
 5
 Least square means shown for each trait.                                                                                                                                                      
6
 (SE) or (95% confidence interval) shown for each trait. 
7 
% 
 
Drip loss = [(initial weight – final weight) / initial weight] x 100. 
8 
Cooked to an internal temperature of 68 degrees C; % cook loss = [(raw weight – cooked weight) / raw weight] x 100. 
9 
National Pork Board standards, 6-point scale (1 = pale pinkish gray to white; 6 = dark purplish red). 
10
 National Pork Board standards, 10-point scale (1 = 1.0% intramuscular fat; 10 = 10.0% intramuscular fat). 
11 
National Pork Board standards, 3-point scale (1 = soft; 3 = very firm). 
12
CIE L* a* b*, D75 light source, 10° observer, 1.27 cm aperture. 
  
13 
CIE L* a* b*, D75 light source, 10° observer, 1.0 cm aperture. 
14 
Trait not measured in generation eight.
                                                                                                                                                                                                                                                                         
15 
As determined by proximate composition (AOAC, 1990). 
  
9
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Table 6. Effect of selection of divergent residual feed intake (RFI), diets differing in fiber and energy content and sex on sensory, star 
probe, and desmin degradation values.  
Trait LRFI
1 
HRFI
2 
P-value HELF
3
 LEHF
4 
P-value Barrow Gilt P-value 
Juiciness
7 
9.80
5 
(0.16)
6
 
9.34 
(0.16) 
<0.05 9.60 
(0.16) 
9.54 
(0.16) 
0.76 9.52 
(0.15) 
9.62 
(0.15) 
0.59 
Tenderness
7 
9.11 
(8.58, 
9.65) 
9.18 
(8.64, 
9.74) 
0.84 
 
9.17 
(8.72, 
9.64) 
9.12 
(8.65, 
9.60) 
0.84 
 
9.40 
(8.94, 
9.88) 
8.89 
(8.44, 
9.35) 
<0.05 
Chewiness
7 
4.91 
(4.39, 
5.49) 
4.89 
(4.36, 
5.48) 
0.95 4.98 
(4.53, 
5.48) 
4.82 
(4.37, 
5.32) 
0.53 4.75 
(4.32, 
5.22) 
5.06 
(4.60, 
5.56) 
0.21 
Pork flavor
7 
4.34 
(0.12) 
4.47 
(0.12) 
0.26 4.38 
(0.12) 
4.43 
(0.12) 
0.71 4.41 
(0.12) 
4.40 
(0.12) 
0.97 
Off flavor
7
 0.39 
(0.29, 
0.50) 
0.34 
(0.25, 
0.44) 
0.42 0.42 
(0.32, 
0.53) 
0.31 
(0.22, 
0.42) 
0.08 0.39 
(0.30, 
0.50) 
0.34 
(0.25, 
0.43) 
0.24 
Star probe, 
Kg
8
 
4.75 
(4.56, 
4.95) 
4.73 
(4.55, 
4.93) 
0.87 4.74 
(4.56, 
4.93) 
4.75 
(4.55, 
4.96) 
0.95 4.66 
(4.49, 
4.84) 
4.83 
(4.64, 
5.02) 
<0.05 
Intact desmin 
d 2
9 
2.11
5 
(0.09)
6 
2.04 
(0.09) 
0.57 2.09 
(0.10) 
2.06 
(0.12) 
0.84 2.02 
(0.08) 
2.13 
(0.09) 
0.28 
Intact desmin 
d 5
9
 
1.28 
(0.09) 
1.09 
(0.09) 
0.13 1.19 
(0.07) 
1.18 
(0.08) 
0.84 1.19 
(0.07) 
1.18 
(0.08) 
0.92 
Intact desmin 
d 7
9
 
0.94 
(0.07) 
0.85 
(0.07) 
0.31 0.94 
(0.06) 
0.84 
(0.06) 
0.22 0.89 
(0.06) 
0.89 
(0.06) 
1.0 
Desmin 
degradation  
d 2
10
 
0.90 
(0.08) 
0.92 
(0.08) 
0.78 0.86 
(0.08) 
0.95 
(0.09) 
0.42 0.96 
(0.08) 
0.86 
(0.08) 
0.21 
          
1
0
0
 
 
 
 
 
Table 6 (continued). Effect of selection of divergent residual feed intake (RFI), diets differing in fiber and energy content and sex on 
sensory, star probe, and desmin degradation values.  
Trait LRFI
1 
HRFI
2 
P-value HELF
3
 LEHF
4 
P-value Barrow Gilt P-value 
Desmin 
degradation  
d 5
10 
1.56 
(0.12) 
1.82 
(0.12) 
0.05 1.66 
(0.12) 
1.72 
(0.13) 
0.63 1.78 
(0.11) 
1.60 
(0.12) 
0.10 
Desmin 
degradation  
d 7
10
 
1.82 
(0.12) 
1.94 
(0.12) 
0.27 1.79 
(0.13) 
1.96 
(0.14) 
0.28 1.94 
(0.12) 
1.81 
(0.13) 
0.24 
1
 Low RFI                                                                                                                                                                                                       
2
 High RFI                                                                                                                                                                                                      
3 
High Energy Low Fiber Diet
                                                                                                                                                                                                                                                          
4 
Low Energy High Fiber Diet
          
5
 Least square means shown for each trait                                                                                                                                                      
6
 (SE) or (95% confidence interval) shown for each trait
  
7 
As determined by an unanchored 15-unit scale; greater values indicate a greater degree of juiciness, tenderness, chewiness, pork 
flavor, and off flavor.
                                                                                                                                                                                                                                                                                        
8 
Force utilized to compress sample to 20% of its original height.
  
9 
55 kDa intact band was measured
                                                                                                                                                                                                                                                      
10
 38 kDa degradation product was measured.
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
          
                                                                                                                                                                                               
                                                                                                                                                                                                                            
                                                                                                                                                                                           
1
0
1
 
  
 
Table 7.  Line, diet, and sex effects of the fatty acid methyl ester profile of adipose tissue cores collected from generation nine parity 
two animals. 
  Trait LRFI1 HRFI2 P-value HELF
3 
LEHF
4 
P-value Barrow Gilt P-value 
C 14:0 0.82
5
 
(0.02)
6 
0.80 
(0.02) 
0.34 0.81 
(0.01) 
0.81 
(0.02) 
0.99 0.82 
(0.02) 
0.80 
(0.01) 
0.37 
C 16:0 21.10 
(0.32) 
20.52 
(0.33) 
0.09 21.26 
(0.31) 
20.35 
(0.32) 
<0.01 20.96 
(0.31) 
20.66 
(0.30) 
0.23 
C 16:1 1.73 
(0.03) 
1.54 
(0.04) 
<0.01 1.70 
(0.03) 
1.57 
(0.04) 
<0.01 1.62 
(0.04) 
1.65 
(0.03) 
0.63 
C 18:0 13.98 
(0.43) 
14.74 
(0.44) 
<0.05 14.44 
(0.43) 
14.28 
(0.44) 
0.61 14.60 
(0.43) 
14.11 
(0.43) 
0.08 
C 18:1n9c 43.96 
(0.32) 
43.96 
(0.34) 
0.99 44.63 
(0.36) 
43.29 
(0.38) 
<0.05 43.87 
(0.34) 
44.05 
(0.34) 
0.66 
C 18:2n6c 14.99 
(0.42) 
15.11 
(0.45) 
0.85 13.76 
(0.42) 
16.34 
(0.43) 
<0.01 14.71 
(0.40) 
15.38 
(0.38) 
0.15 
C 18:3n3 0.72 
(0.04) 
0.73 
(0.04) 
0.88 0.60 
(0.04) 
0.85 
(0.04) 
<0.0001 0.72 
(0.04) 
0.74 
(0.04) 
0.55 
C 20:0 0.075 
(0.073, 
0.077) 
0.003 
(0.001, 
0.004) 
0.14 0.005 
(0.003, 
0.007) 
0.050 
(0.048, 
0.051) 
<0.05 0.007 
(0.005, 
0.009) 
0.035 
(0.033, 
0.037) 
0.28 
C 20:1 1.11 
(0.02) 
1.15 
(0.03) 
0.16 1.15 
(0.03) 
1.11 
(0.03) 
0.32 1.12 
(0.03) 
1.14 
(0.03) 
0.42 
C 20:2 0.26 
(0.38, 
0.15) 
0.55 
(0.45, 
0.66) 
0.30 0.38 
(0.29, 
0.47) 
0.38 
(0.30, 
0.47) 
<0.05 0.51 
(0.40, 
0.61) 
0.29 
(0.18, 
0.39) 
0.33 
C 20:3n3
7
 0.08 
(0.01) 
0.08 
(0.01) 
 0.06 
(0.01) 
0.08 
(0.01) 
 0.08 
(0.01) 
0.08 
(0.01) 
 
C 20:4n6 0.04 
(-0.02, 
0.11) 
0.05 
(-0.01, 
0.100) 
0.97 0.03 
(-0.01, 
0.08) 
0.07 
(0.02, 
0.10) 
0.73 0.14 
(0.08, 
0.19) 
0.02 
(-0.04, 
0.07) 
0.23 
1
0
3
 
  
 
Table 7 (continued).  Line, diet, and sex effects of the fatty acid methyl ester profile of adipose tissue cores collected from generation 
nine parity two animals. 
 
 
 
 
1
 Low RFI                                                                                                                                                                                                       
2
 High RFI                                                                                                                                                                                                      
3 
High Energy Low Fiber Diet
                                                                                                                                                                                                                                                          
4 
Low Energy High Fiber Diet
        
 5
 Least square means shown for each trait                                                                                                                                                      
6
 (SE) or (95% confidence interval) shown for each trait
 
7
 No p-values reported, as normalized data could not be obtained 
8
IV = % C16:1 (0.9976) + % C18:1 (0.8985) + % C18:2 (1.8099) + % C18:3 (2.7345) + % C20:1 (0.8173) + % C20:4 (3.3343) + % 
C20:5 (4.1956) + % C22:1 (0.7496) + % C22:5 (3.8395) + % C22:6 (4.6358), (AOCS, 1998). 
  
Trait LRFI
1 
HRFI
2 
P-value HELF
3 
LEHF
4 
P- 
value 
Barrow Gilt P-value 
Iodine 
Value
8 
77.16 
(1.03) 
77.04 
(1.07) 
0.91 75.23 
(0.98) 
78.97 
(0.99) 
<0.0001 76.42 
(0.98) 
77.77 
(0.96) 
0.06 
1
0
4
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CHAPTER 4. GENERAL CONCLUSIONS 
Meat quality differences were found between line, unlike results from generation five of 
the ISU RFI selection project (Smith et al., 2011).  Although unlikely to be a numerically large 
enough difference to be detected by the average consumer, chops from LRFI animals were rated 
as more juicy by trained sensory panelists (P<0.05). This contrasts with results of Faure et al. 
(2013) who reported a tendency for HRFI animals to be rated as juicier.  Increasing RFI index 
weakly correlated with drip loss (P<0.05) but no other composition of quality traits (Table 1 and 
2 Appendix A).  High RFI animals had a greater percent lipid, as determined by proximate 
analysis, greater marbling, greater LM a* and b* scores, and greater amount of desmin 
degradation (38 kDa degradation band) at five days postmortem.  While the LRFI does have 
greater sensory juiciness and decreased drip loss when compared the HRFI line, the selection for 
increased feed efficiency has come at the cost of marbling and LM color. 
 
 In experiment one, selection for LRFI animals resulted in carcasses with decreased fat 
depth and greater loin depth, which calculated to a greater percent lean.  This agrees with results 
in both the ISU and INRA selection lines (Gilbert et al., 2007; Cai et al., 2008; Boddicker et al., 
2011; Lefaucheur et al., 2011; Smith et al., 2011; Faure et al., 2013).  However in experiment 
two carcass composition differences were observed specifically within the LRFI line, as animals 
fed the HELF diet had greater loin depth, and gilts calculated with a higher percent lean.  
 
 The larger differences in this study were found in regards to diet, which impacted 
composition and fatty acid profile.  Pigs fed the LEHF diet yielded carcasses that had less fat 
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depth, greater loin depth and were leaner.  This is due to the fact that increased energy intake in 
pigs has been found to result in increased protein accretion and lower energy intake produces 
leaner animals (Pettigrew and Esnaola, 2001).  However, not all studies on energy difference 
found a difference in LM area (Apple et al., 2004; Hinson et al., 2011). 
 
 Pork adipose tissue iodine value is greatly impacted by diet due to the pig’s monogastric 
nature (Pettigrew and Esnaola, 2001; Wood et al., 2008), therefore it was expected addition of 
fiber and reduction of energy from the diet would impact iodine value.  Adipose tissue from 
animals fed the LEHF diet was found to be darker in color and higher in iodine value.  The 
difference in color is a direct result of the increase in unsaturated bonds in adipose the adipose 
tissue (Leick et al., 2010).  Feeding the LEHF diet resulted in adipose tissue which was lower in 
total saturated fatty acids and monounsaturated fatty acids, but greater in polyunsaturated fatty 
acids and polyunsaturated fatty acid to saturated fatty acid ratio (Table 3 Appendix A). 
  
 In conclusion, selection for improved feed efficiency, using RFI index as the selection 
tool, has impacted meat quality.  Although the decreased marbling and color scores in loins of 
LRFI pigs are not large enough to be detected by consumers on the shelf, continued selection 
may lead to visible differences.   However, selection for LRFI has resulted in animals with loins 
that have greater water holding capacity and sensory juiciness, than those from HRFI animals.  
Overall, selection for efficiency in the ISU RFI line has led to leaner, heavier muscled carcasses; 
however, barrows and gilts have responded somewhat differently to these selection practices. 
Within the efficient, LRFI line barrows had carcasses which were heavier and greater fat depth, 
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while carcasses from gilts had a greater percent lean.  Feeding a low energy, high fiber diet 
resulted in leaner carcasses with darker adipose tissue color and greater iodine value. 
 
 Future research could explore the difference observed in pH between INRA and ISU RFI 
selection projects.  Additionally, it would be of worth to investigate growth, composition, and 
meat quality differences of the lines combined.  This may help eliminate differences due genetics 
of the original sample populations and help to further characterize the quality and composition 
differences that are a consequence of divergent selection for RFI. 
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APPENDIX A 
Table 1. Residual correlations between residual feed intake (RFI), carcass composition, quality, sensory, and desmin degradation, and 
fatty acid profile.  
Trait Off-Test Live 
Weight, Kg 
HCW Fat Depth
3
 Loin Eye 
Depth
3 
Percent 
Lean
4 
HCW -0.022     
 0.71     
Fat depth
3 0.001 0.179    
 0.99 <0.01    
Loin eye depth
3 -0.008 0.098 -0.071   
 0.90 0.09 0.23   
Percent Lean
4 -0.003 -0.154 -0.978 0.264  
 0.96 <0.01 <0.0001 <0.0001  
RFI -0.037 0.016 0.009 0.065 0.013 
 0.51 0.79 0.88 0.27 0.83 
pH -0.028 -0.067 0.070 -0.169 -0.0101 
 0.63 0.25 0.23 <0.01 0.09 
Drip loss, %
5 
0.024 0.076 -0.021 0.117 0.039 
 0.37 0.18 0.73 <0.05 0.50 
Cook loss, %
6 
0.016 0.077 -0.118 0.014 0.115 
 0.79 0.19 <0.05 0.82 0.06 
Subjective color
7
 -0.018 -0.044 0.077 -0.055 -0.084 
 0.75 0.44 0.19 0.35 0.15 
Subjective marbling
8 
0.010 0.081 0.094 -0.018 -0.092 
 0.86 0.16 0.11 0.76 0.12 
Firmness
9 
0.001 -0.047 0.031 0.010 -0.026 
 0.98 0.41 0.60 0.86 0.66 
Lean L*
10 
0.021 0.103 -0.012 0.117 0.034 
 0.71 0.08 0.84 <0.05 0.57 
1
0
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Table 1(continued). Residual correlations between residual feed intake (RFI), carcass composition, quality, sensory, and biochemical 
traits.  
Trait Off-Test Live 
Weight, Kg 
HCW Fat Depth Loin Eye 
Depth 
Percent Lean 
Lean a*
10 
-0.006 -0.027 0.042 0.060 -0.025 
 0.91 0.64 0.48 0.31 0.67 
Lean b*
10 
0.004 0.028 0.008 0.079 0.011 
 0.95 0.63 0.90 0.18 0.85 
Adipose L*
11 
0.002 0.149 -0.016 0.105 0.042 
 0.99 0.06 0.85 0.21 0.61 
Adipose a*
11 
-0.005 -0.086 -0.033 -0.027 0.021 
 0.95 0.28 0.70 0.75 0.80 
Adipose b*
11 
0.012 -0.059 0.019 0.017 -0.025 
 0.88 0.46 0.82 0.84 0.77 
Juiciness
12 
-0.018 0.043 0.098 0.034 -0.090 
 0.75 0.45 0.10 0.56 0.12 
Tenderness
12 
-0.003 0.040 0.214 -0.032 -0.208 
 0.95 0.48 <0.01 0.59 <0.01 
Chewiness
12 
0.016 -0.022 -0.223 0.041 0.218 
 0.77 0.70 0.0001 0.48 <0.01 
Pork flavor
12 
0.002 0.030 0.082 -0.081 -0.096 
 0.97 0.60 0.16 0.17 0.10 
Off flavor
12 
-0.0002 -0.15 -0.052 0.072 0.062 
 1.0 <0.05 0.38 0.22 0.29 
Star probe, Kg
13
 0.016 0.023 -0.171 -0.26 0.158 
 0.77 0.69 <0.01 0.66 <0.01 
% Protein
14 
-0.013 -0.018 -0.076 -0.008 0.068 
 0.82 0.76 0.19 0.89 0.24 
% Lipid
14 
0.019 0.104 0.085 0.023 -0.076 
 0.74 0.07 0.15 0.69 0.19 
1
0
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Table 1(continued). Residual correlations between residual feed intake (RFI), carcass composition, quality, sensory, and biochemical 
traits.  
Trait Off-Test Live 
Weight, Kg 
HCW Fat Depth Loin Eye 
Depth 
Percent Lean 
% Moisture
14 
-0.011 -0.062 -0.165 0.038 0.162 
 0.85 0.28 <0.01 0.51 <0.01 
Intact desmin d 2
15 -0.002 0.052 -0.042 0.108 0.055 
 0.97 0.38 0.49 0.07 0.36 
Intact desmin d 5
15
 -0.014 0.059 -0.032 0.081 0.045 
 0.80 0.31 0.60 0.17 0.45 
Intact desmin d 7
15
 -0.020 0.023 -0.019 0.120 0.041 
 0.74 0.69 0.75 <0.05 0.49 
Desmin d 2
16 
0.009 0.0005 0.009 -0.085 -0.025 
 0.87 0.99 0.88 0.16 0.67 
Desmin d 5
6 
0.010 -0.049 0.147 -0.102 -0.164 
 0.86 0.41 0.01 0.09 <0.01 
Desmin d 7
6 
0.03 -0.053 0.019 -0.114 -0.046 
 0.64 0.34 0.76 0.06 0.44 
C 14:0 -0.003 0.178 0.097 0.037 -0.082 
 0.97 <0.05 0.24 0.66 0.32 
C 16:0 0.015 0.160 0.029 0.052 -0.019 
 0.85 <0.05 0.72 0.53 0.82 
C 16:1 -0.010 0.080 0.009 0.056 0.001 
 0.90 0.32 0.92 0.50 0.99 
C 18:0 -0.002 0.083 -0.040 -0.010 0.039 
 0.98 0.30 0.63 0.90 0.64 
C 18:1n9c -0.001 -0.041 0.056 0.020 -0.047 
 0.99 0.61 0.50 0.81 0.58 
C 18:2n6c 0.003 -0.080 -0.042 -0.041 0.028 
 0.97 0.32 0.61 0.63 0.73 
1
1
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Table 1(continued). Residual correlations between residual feed intake (RFI), carcass composition, quality, sensory, and biochemical 
traits.  
Trait Off-Test Live 
Weight, Kg 
HCW Fat Depth Loin Eye 
Depth 
Percent Lean 
C 18:3n3 0.005 -0.047 -0.022 -0.59 0.053 
 0.95 0.56 0.79 0.48 0.53 
C 20:0 0.009 0.014 -0.022 -0.002 0.022 
 0.91 0.86 0.80 0.98 0.79 
C 20:1 0.041 0.058 0.029 0.053 -0.021 
 0.61 0.47 0.72 0.53 0.80 
C 20:2 0.017 -0.008 0.121 0.048 -0.122 
 0.84 0.92 0.11 0.56 0.14 
C 20:4n6 -0.042 0.047 0.027 0.261 0.033 
 0.60 0.56 0.75 <0.01 0.69 
Chain length < 16 carbons, %
17
 -0.003 0.178 0.097 0.037 -0.082 
 0.97 <0.05 0.24 0.66 0.32 
Chain length ≥ 16 carbons, %18 0.003 -0.178 -0.097 -0.037 0.082 
 0.97 <0.05 0.24 0.66 0.32 
Total saturated fatty acids, %
19 
0.004 0.167 0.006 0.023 0.001 
 0.96 <0.05 0.95 0.78 0.99 
Total monounsaturated fatty acids, %
20 
-0.0003 -0.026 0.055 0.031 -0.011 
 1.00 0.75 0.51 0.71 0.60 
Total polyunsaturated fatty acids, %
21 
0.004 -0.082 -0.049 -0.034 0.067 
 0.96 0.31 0.56 0.68 0.66 
Total omega-3 fatty acids, %
22 
0.015 -0.088 -0.104 -0.026 0.095 
 0.85 0.27 0.21 0.75 0.25 
Total omega-6 fatty acids, %
23 
0.003 -0.081 -0.043 -0.035 0.031 
 0.97 0.31 0.60 0.68 0.71 
% Polyunsaturated/ % saturated
24 
-0.001 -0.107 -0.038 -0.025 0.028 
 0.99 0.18 0.65 0.76 0.74 
1
1
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Table 1(continued). Residual correlations between residual feed intake (RFI), carcass composition, quality, sensory, and biochemical 
traits.  
Trait Off-Test Live 
Weight, Kg 
HCW Fat Depth Loin Eye 
Depth 
Percent Lean 
% Omega-3/ % omega-6
25 
0.018 -0.069 -0.134 -0.026 0.128 
 0.82 0.39 0.11 0.76 0.12 
% Monounsaturated/ % saturated
26 
-0.016 -0.146 0.035 -0.001 -0.033 
 0.84 0.07 0.68 0.99 0.69 
%Unsaturated/ % saturated
27 
-0.004 -0.153 0.003 -0.007 -0.006 
 0.96 0.06 0.97 0.93 0.95 
Iodine Value
28 
-0.004 -0.116 -0.023 -0.029 0.013 
 0.96 0.15 0.78 0.73 0.87 
1
 Correlation Coefficient.                                                                                                                                                                                
2 
P-value. 
3 
As measured by use of a Fat-O-Meater probe.
     
4 
Calculated as 58.86 - [fat depth (mm) x 0.61] +
 
[loin depth (mm) x 0.12].
                                                                                                                                                                                                                   
5 
% 
 
Drip loss = [(initial weight – final weight) / initial weight] x 100. 
6 
Cooked to an internal temperature of 68 degrees C; % cook loss = [(raw weight – cooked weight) / raw weight] x 100. 
7 
National Pork Board standards, 6-point scale (1 = pale pinkish gray to white; 6 = dark purplish red).
 
8 
National Pork Board standards, 10-point scale (1 = 1.0% intramuscular fat; 10 = 10.0% intramuscular fat).
 
9 
National Pork Board standards, 3-point scale (1 = soft; 3 = very firm).
 
10 
CIE L* a* b*, D75 light source, 10° observer, 1.27 cm aperture. 
  
11 
CIE L* a* b*, D75 light source, 10° observer, 1.0 cm aperture.
 
12 
As determined by an unanchored 15-unit scale; greater values indicate a greater degree of juiciness, tenderness, chewiness, pork 
flavor, and off flavor.
                                                                                                                                                                                                                                                                                          
13 
Force utilized to compress sample to 20% of its original height (Lonergan et al., 2002).
                                                                                                                                                                                                                                                                                                                                                                                                                               
14
 As determined by proximate composition (AOAC, 1990).
 
15 
55 kDa intact band was measured
                                                                                                                                                                                                                                                    
16
 38 kDa degradation product was measured.
    
17
 Sum of the percentage of all fatty acids with less than 16 carbons in their chain 
18
 Sum of the percentage of all fatty acids with greater than 16 carbons in their chain 
19
Sum of the percentages of saturated fatty acids 
1
1
2
 
 
 
 
 
20
Sum of the percentages of monounsaturated fatty acids 
21
Sum of the percentages of polyunsaturated fatty acids 
22
Sum of the percentages of omega-3 fatty acids 
23
Sum of the percentages of omega-6 fatty acids 
24
Sum of the percentages of polyunsaturated fatty acids divided by the sum of the percentages of saturated fatty acids 
25
Sum of the percentages of omega-3 fatty acids divided by the sum of the percentages of omega-6 fatty acids 
26
Sum of the percentages of monounsaturated fatty acids divided by the sum of the percentages of saturated fatty acids 
27
Sum of the percentages of unsaturated fatty acids divided by the sum of the percentages of saturated fatty acids 
28
IV = % C16:1 (0.9976) + % C18:1 (0.8985) + % C18:2 (1.8099) + % C18:3 (2.7345) + % C20:1 (0.8173) + % C20:4 (3.3343) + % 
C20:5 (4.1956) + % C22:1 (0.7496) + % C22:5 (3.8395) + % C22:6 (4.6358), (AOCS, 1998). 
 
  
1
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Table 2. Residual correlations between residual feed intake (RFI), quality, sensory, and biochemical traits. 
 
Trait RFI pH Drip 
Loss, % 
Cook 
Loss, % 
LM L* LM a* LM b* Adipose 
L* 
Adipose 
a* 
Adipose 
b* 
pH -0.08          
 0.15          
Drip loss, %
3 
0.115 -0.399         
 <0.05 <0.0001         
Cook loss, %
4
 0.042 -0.423 0.267        
 0.45 <0.0001 <0.0001        
LM L* 0.015 -0.419 0.348 0.226       
 0.79 <0.0001 <0.0001 0.0001       
LM a* 0.0001 -0.253 0.1334 0.121 -0.246      
 1.0 <0.0001 <0.05 <0.05 <0.0001      
LM b* -0.031 -0.442 0.287 0.202 0.305 0.717     
 0.59 <0.0001 <0.0001 <0.05 <0.0001 <0.0001     
Adipose L* 0.074 -0.153 0.048 -0.087 0.189 -0.008 0.156    
 0.36 0.06 0.55 0.28 <0.05 0.92 0.05    
Adipose a* 0.040 0.007 -0.039 0.038 -0.089 -0.140 -0.224 -0.499   
 0.62 0.93 0.62 0.64 0.27 0.08 <0.01 <0.0001   
Adipose b* -0.062 0.013 -0.061 0.037 -0.011 -0.215 -0.255 -0.463 0.763  
 0.44 0.87 0.45 0.64 0.89 <0.01 <0.01 <0.0001 <0.0001  
Subjective 
color 
0.053 0.130 -0.087 -0.099 -0.514 0.448 0.044 0.020 -0.028 -0.117 
0.36 <0.05 0.13 0.09 <0.0001 <0.0001 0.44 0.81 0.73 0.14 
Subjective  0.058 -0.055 0.060 -0.020 0.146 0.332 0.340 0.054 -0.068 -0.158 
marbling 0.31 0.34 0.30 0.73 0.01 <0.0001 <0.0001 0.51 0.40 <0.05 
Subjective 0.045 0.142 -0.172 0.004 -0.166 0.046 -0.124 -0.044 -0.04 0.046 
firmness 0.43 <0.05 <0.01 0.95 <0.01 0.43 <0.05 0.59 0.61 0.57 
Tenderness
4 
-0.043 0.205 -0.150 -0.417 0.033 0.0003 0.067 0.281 -0.241 -0.215 
 0.45 <0.01 <0.0001 <0.0001 0.57 0.99 0.24 <0.01 <0.01 <0.01 
Juiciness
4 
-0.068 0.222 -0.146 -0.530 -0.040 -0.039 -0.021 0.034 -0.044 0.011 
 0.23 <0.0001 0.01 <0.0001 0.49 0.50 0.72 0.67 0.59 0.89 
1
1
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Table 2(continued). Residual correlations between residual feed intake (RFI), quality, sensory, and desmin degradation traits.  
Trait RFI pH Drip 
Loss, % 
Cook 
Loss, % 
LM 
L* 
LM a* LM b* Adipose 
L* 
Adipose 
a* 
Adipose 
b* 
Chewiness
4 
0.085 -0.267 0.160 0.396 0.035 0.044 0.017 -0.150 0.192 0.155 
 0.14 <0.0001 <0.01 <0.0001 0.54 0.44 0.77 0.06 <0.05 0.05 
Pork flavor
4 
-0.037 0.073 0.006 -0.035 0.101 -0.040 0.020 -0.061 -0.070 0.006 
 0.51 0.20 0.92 0.56 0.08 0.49 0.73 0.45 0.38 0.94 
Off-flavor
4 
-0.063 -0.121 0.065 -0.081 0.033 0.084 0.072 -0.043 -0.015 0.074 
 0.27 <0.05 0.26 0.17 0.56 0.14 0.21 0.60 0.85 0.36 
Star probe, Kg
5
 0.027 -0.165 0.153 0.394 -0.021 0.017 -0.074 -0.296 0.210 0.173 
 0.64 <0.01 <0.0001 <0.0001 0.72 0.77 0.20 <0.01 <0.01 <0.05 
% Protein
6 
-0.014 0.002 -0.117 -0.027 -0.135 -0.015 -0.077 0.059 0.002 -0.057 
 0.81 0.97 <0.05 0.65 <0.05 0.79 0.18 0.46 0.98 0.48 
% Lipid
6 
0.007 -0.199 0.173 0.112 0.219 0.422 0.473 0.155 -0.157 -0.190 
 0.91 <0.0001 <0.0001 0.06 0.0001 <0.0001 <0.0001 0.05 <0.05 <0.05 
% Moisture
6 
-0.088 0.168 -0.051 0.087 -0.106 -0.376 -0.389 -0.207 0.194 0.311 
 0.12 <0.01 0.38 0.13 0.06 <0.0001 <0.0001 <0.01 <0.05 <0.0001 
Intact desmin d 2 -0.006 0.118 0.075 0.156 0.016 0.013 -0.034 -0.154 0.209 0.239 
 0.92 0.14 0.19 <0.01 0.78 0.82 0.56 0.07 <0.01 <0.01 
Intact desmin d 5 0.025 -0.166 0.100 0.231 0.066 0.105 0.077 -0.124 0.160 0.195 
 0.66 <0.0001 0.09 <0.0001 0.26 0.07 0.19 0.13 <0.05 <0.05 
Intact desmin d 7 0.036 -0.282 0.131 0.277 0.094 0.180 0.141 -0.045 0.074 0.182 
 0.53 <0.0001 <0.05 <0.0001 0.11 <0.01 <0.05 0.58 0.36 <0.05 
Desmin d 2
7 
0.035 0.050 0.017 -0.114 0.010 -0.003 0.057 0.074 -0.040 -0.101 
 0.55 0.39 0.78 0.05 0.87 0.96 0.33 0.37 0.62 0.22 
Desmin d 5
7 
0.008 0.008 -0.049 -0.033 0.026 -0.022 0.040 0.023 -0.110 -0.102 
 0.892 0.89 0.40 0.58 0.66 0.71 0.49 0.78 0.18 0.21 
Desmin d 7
7 
-0.013 -0.061 -0.105 -0.034 0.055 -0.032 0.048 0.157 -0.029 -0.044 
 0.81 0.29 0.07 0.57 0.34 0.58 0.41 0.05 0.72 0.59 
1
1
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Table 2 (continued). Residual correlations between residual feed intake (RFI), quality, sensory, and desmin degradation traits.  
Trait RFI pH Drip 
Loss, % 
Cook 
Loss, % 
LM 
L* 
LM a* LM b* Adipose 
L* 
Adipose 
a* 
Adipose 
b* 
C 14:0 -0.004 0.105 -0.100 0.064 0.168 -0.234 -0.190 0.142 0.121 0.096 
 0.96 0.19 0.21 0.43 <0.05 <0.01 <0.05 0.08 0.13 0.23 
C 16:0 -0.019 -0.013 -0.027 -0.022 0.240 -0.190 -0.088 0.23 0.078 0.090 
 0.82 0.88 0.73 0.79 <0.01 <0.05 0.28 <0.01 0.33 0.26 
C 16:1 -0.004 0.103 0.033 0.041 0.134 -0.267 -0.210 -0.023 0.18 0.240 
 0.96 0.20 0.69 0.61 0.10 <0.01 <0.01 0.78 <0.05 <0.01 
C 18:0 0.003 -0.137 0.022 -0.057 -0.022 0.214 0.211 0.24 -0.171 -0.242 
 0.97 0.09 0.78 0.48 0.79 <0.05 <0.01 <0.01 <0.05 <0.01 
C 18:1n9c 0.109 -0.046 0.036 -0.052 0.118 0.260 0.336 0.159 -0.267 -0.252 
 0.18 0.57 0.65 0.52 0.14 <0.01 <0.0001 <0.05 <0.01 <0.01 
C 18:2n6c -0.111 0.097 -0.020 0.075 -0.217 -0.236 -0.352 -0.385 0.283 0.310 
 0.16 0.23 0.80 0.35 <0.01 <0.01 <0.0001 <0.001 <0.01 <0.0001 
C 18:3n3 -0.121 0.104 0.007 0.145 -0.244 -0.166 -0.306 -0.084 0.180 0.174 
 0.13 0.20 0.93 0.07 <0.01 <0.05 0.0001 0.30 <0.05 <0.05 
C 20:0 0.0002 0.025 0.014 -0.103 -0.053 0.143 0.119 0.091 -0.095 -0.112 
 1.0 0.75 0.86 0.20 0.51 0.08 0.14 0.26 0.24 0.163 
C 20:1 0.005 -0.024 -0.031 -0.012 0.082 0.168 0.195 0.033 -0.264 -0.141 
 0.95 0.77 0.70 0.89 0.31 <0.05 0.01 0.68 <0.01 0.08 
C 20:2 -0.077 -0.004 0.044 0.071 -0.034 0.095 0.092 0.050 -0.064 -0.088 
 0.34 0.96 0.59 0.38 0.63 0.24 0.25 0.53 0.43 0.27 
C 20:4n6 0.069 0.003 0.043 0.016 -0.017 0.012 -0.010 0.148 -0.285 -0.259 
 0.39 0.97 0.59 0.84 0.83 0.88 0.90 0.07 <0.01 <0.01 
Chain length < 16 
carbons, %
17
 
-0.004 0.105 -0.100 0.064 0.168 -0.234 -0.190 0.142 0.121 0.096 
0.96 0.19 0.21 0.43 <0.05 <0.01 0.90 0.08 0.13 0.23 
Chain length ≥ 16 
carbons, %
18
 
0.004 -0.105 0.100 -0.064 -0.168 0.234 0.190 -0.142 -0.121 -0.096 
0.96 0.19 0.21 0.43 <0.05 <0.01 <0.05 0.08 0.13 0.23 
1
1
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Table 2(continued). Residual correlations between residual feed intake (RFI), quality, sensory, and desmin degradation traits.  
Trait RFI pH Drip 
Loss, % 
Cook 
Loss, % 
LM L* LM 
a* 
LM b* Adipose 
L* 
Adipose 
a* 
Adipose 
b* 
Total saturated 
fatty acids, %
19 
-0.012 -0.110 0.0004 -0.056 0.157 0.006 0.076 0.310 -0.057 -0.101 
0.88 0.17 1.00 0.49 0.05 0.94 0.35 <0.0001 0.48 0.21 
Total 
monounsaturated 
fatty acids, %
20 
0.103 -0.033 0.036 -0.044 0.136 0.228 0.312 0.152 -0.254 -0.225 
 0.20 0.68 0.65 0.59 0.09 <0.01 <0.0001 0.06 <0.01 <0.01 
Total 
polyunsaturated 
fatty acids, %
21 
-0.110 0.100 -0.014 0.081 -0.225 -0.228 -0.348 -0.379 0.266 0.290 
0.17 0.21 0.86 0.32 <0.01 <0.01 0.35 <0.0001 <0.01 <0.01 
Total omega-3 
fatty acids, %
22 
-0.111 0.111 0.051 0.142 -0.280 -0.100 -0.246 -0.308 0.139 0.103 
0.17 0.17 0.53 0.08 <0.0001 0.22 <0.01 <0.0001 0.08 0.20 
Total omega-6 
fatty acids, %
23 
-0.110 0.098 -0.020 0.075 -0.217 -0.237 -0.320 -0.381 0.274 0.304 
0.17 0.22 0.80 0.36 <0.01 <0.01 <0.0001 <0.0001 <0.01 0.0001 
% Polyunsaturated 
 
-0.085 0.109 -0.003 0.091 -0.224 -0.198 -0.320 -0.388 0.236 0.273 
/ % saturated
24
 0.29 0.78 0.97 0.26 <0.01 0.01 <0.0001 <0.001 <0.01 <0.01 
% Omega-3/ % 
omega-6
25 
-0.109 0.115 0.079 0.164 -0.289 0.051 -0.087 -0.176 0.236 -0.124 
0.17 0.15 0.32 <0.05 <0.01 0.53 0.28 <0.05 <0.01 0.12 
% 
Monounsaturated/ 
% saturated
26 
0.050 0.059 0.010 0.016 -0.027 0.114 0.099 -0.137 -0.086 -0.045 
0.54 0.46 0.90 0.84 0.74 0.16 0.22 0.09 0.28 0.58 
%Unsaturated/ % 
saturated
27 
0.015 0.102 0.019 0.066 -0.141 -0.036 -0.112 -0.310 0.064 0.118 
0.85 0.20 0.81 0.42 0.08 0.66 0.17 <0.0001 0.42 0.14 
Iodine Value
28 
-0.061 0.118 0.00005 0.080 -0.213 -0.169 -0.280 -0.395 0.197 0.238 
 0.45 0.14 1.00 0.32 <0.01 <0.05 <0.0001 <0.0001 0.01 <0.01 
1
 Correlation Coefficient.                                                                                                                                                                                
2 
P-value.
                                                                                                                                                                                                                
 
3 
% 
 
Drip loss = [(initial weight – final weight) / initial weight] x 100. 
4 
Cooked to an internal temperature of 68 degrees C; % cook loss = [(raw weight – cooked weight) / raw weight] x 100. 
1
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5 
National Pork Board standards, 6-point scale (1 = pale pinkish gray to white; 6 = dark purplish red).
 
6 
National Pork Board standards, 10-point scale (1 = 1.0% intramuscular fat; 10 = 10.0% intramuscular fat).
 
7
National Pork Board standards, 3-point scale (1 = soft; 3 = very firm).
 
10 
CIE L* a* b*, D75 light source, 10° observer, 1.27 cm aperture. 
  
11 
CIE L* a* b*, D75 light source, 10° observer, 1.0 cm aperture.
 
12 
As determined by an unanchored 15-unit scale; greater values indicate a greater degree of juiciness, tenderness, chewiness, pork 
flavor, and off flavor.
                                                                                                                                                                                                                                                                                          
13 
Force utilized to compress sample to 20% of its original height (Lonergan et al., 2002).
                                                                                                                                                                                                                                                                                                                                                                                                                               
14
 As determined by proximate composition (AOAC, 1990).
 
15 
55 kDa intact band was measured
                                                                                                                                                                                                                                                    
16
 38 kDa degradation product was measured.
    
17
 Sum of the percentage of all fatty acids with less than 16 carbons in their chain 
18
 Sum of the percentage of all fatty acids with greater than 16 carbons in their chain 
19
Sum of the percentages of saturated fatty acids 
20
Sum of the percentages of monounsaturated fatty acids 
21
Sum of the percentages of polyunsaturated fatty acids 
22
Sum of the percentages of omega-3 fatty acids 
23
Sum of the percentages of omega-6 fatty acids 
24
Sum of the percentages of polyunsaturated fatty acids divided by the sum of the percentages of saturated fatty acids 
25
Sum of the percentages of omega-3 fatty acids divided by the sum of the percentages of omega-6 fatty acids 
26
Sum of the percentages of monounsaturated fatty acids divided by the sum of the percentages of saturated fatty acids 
27
Sum of the percentages of unsaturated fatty acids divided by the sum of the percentages of saturated fatty acids 
28
IV = % C16:1 (0.9976) + % C18:1 (0.8985) + % C18:2 (1.8099) + % C18:3 (2.7345) + % C20:1 (0.8173) + % C20:4 (3.3343) + % 
C20:5 (4.1956) + % C22:1 (0.7496) + % C22:5 (3.8395) + % C22:6 (4.6358), (AOCS, 1998). 
  
1
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Table 3.  Line, diet, and sex effects of the fatty acid methyl ester profile characteristics of adipose tissue cores collected from 
generation eight parity nine animals. 
Trait LRFI
1 
HRFI
2 
P-value HELF
3 
LEHF
4 
P-value Barrow Gilt P-value 
Chain length < 16 
carbons, %
8 
0.82 
(0.02) 
0.80 
(0.02) 
0.34 0.81 
(0.01) 
0.81 
(0.02) 
0.99 0.82 
(0.02) 
0.80 
(0.01) 
0.37 
Chain length ≥ 16 
carbons, %
9 
99.18 
(0.02) 
99.20 
(0.02) 
0.34 99.19 
(0.01) 
99.19 
(0.02) 
0.99 99.18 
(0.02) 
99.20 
(0.01) 
0.37 
Total saturated fatty acids, 
%
10 
36.18 
(0.75) 
36.47 
(0.77) 
0.62 36.85 
(0.74) 
35.80 
(0.74) 
<0.05 36.74 
(0.74) 
35.91 
(0.73) 
<0.05 
Total monounsaturated 
fatty acids, %
11 
46.78 
(0.35) 
46.65 
(0.37) 
0.74 47.49 
(0.39) 
45.94 
(0.41) 
<0.01 46.61 
(0.37) 
46.82 
(0.37) 
0.63 
Total polyunsaturated 
fatty acids, %
12 
16.09 
(0.45) 
16.21 
(0.49) 
0.85 14.67 
(0.46) 
17.63 
(0.47) 
<0.01 15.80 
(0.43) 
16.50 
(0.41) 
0.17 
Total omega-3 fatty acids, 
%
13 
0.80 
(0.04) 
0.82 
(0.04) 
0.72 0.65 
(0.04) 
0.97 
(0.04) 
<0.01 0.80 
(0.03) 
0.82 
(0.03) 
0.57 
Total omega-6 fatty acids, 
%
14 
15.29 
(0.42) 
15.40 
(0.45) 
0.86 14.02 
(0.43) 
16.66 
(0.44) 
<0.01 15.00 
(0.40) 
15.68 
(0.38) 
0.15 
% Polyunsaturated/ % 
saturated
15 
0.45 
(0.02) 
0.45 
(0.02) 
0.96 0.40 
(0.02) 
0.50 
(0.02) 
<0.0001 0.44 
(0.02) 
0.46 
(0.02) 
0.10 
% Omega-3/ % omega-6
16 
0.05 
(0.001) 
0.05 
(0.001) 
0.53 0.05 
(0.001) 
0.06 
(0.001) 
<0.0001 0.05 
(0.001) 
0.05 
(0.001) 
0.74 
% Monounsaturated/ % 
saturated
17 
1.30 
(0.04) 
1.29 
(0.04) 
0.75 1.30 
(0.04) 
1.29 
(0.04) 
0.48 1.28 
(0.04) 
1.31 
(0.04) 
0.11 
%Unsaturated/ % 
saturated
18 
1.75 
(0.05) 
1.74 
(0.05) 
0.75 1.70 
(0.05) 
1.78 
(0.05) 
<0.05 1.71 
(0.05) 
1.77 
(0.05) 
<0.05 
8
 Sum of the percentage of all fatty acids with less than 16 carbons in their chain 
9
 Sum of the percentage of all fatty acids with greater than 16 carbons in their chain 
10
Sum of the percentages of saturated fatty acids 
11
Sum of the percentages of monounsaturated fatty acids 
12
Sum of the percentages of polyunsaturated fatty acids 
13
Sum of the percentages of omega-3 fatty acids 
14
Sum of the percentages of omega-6 fatty acids 
1
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15
Sum of the percentages of polyunsaturated fatty acids divided by the sum of the percentages of saturated fatty acids 
16
Sum of the percentages of omega-3 fatty acids divided by the sum of the percentages of omega-6 fatty acids 
17
Sum of the percentages of monounsaturated fatty acids divided by the sum of the percentages of saturated fatty acids 
18
Sum of the percentages of unsaturated fatty acids divided by the sum of the percentages of saturated fatty acids 
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